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Modtaget PVS 

GLP-2 DERIVATIVES * * ^--^ 

FIELD OF THE INVENTION 

The present invention relates to novel human giucagon-like peptide 2 (GLP-2) 
peptides and derivatives thereof which have a protracted profile of action. The invention 
further relates to methods of making and using these GLP-2 peptides and derivatives as well 
as polynucleotide constructs encoding such GLP-2 peptides and host cells comprising and 
expressing the GLP-2 peptides, pharmaceutical compositions, uses and methods of 
treatment. 

BACKGROUND OF THE INVENTION 

Glucagon-like peptide 2 (GLP-2) is a 33 amino acid residue peptide produced in 
intestinal L-cells and released following nutrient Intake. The amino acid sequence of the 
human GLP-2 peptide is given in Fig. 1. 

The GLP-2 peptide is a product of the proglucagon gene. Proglucagon is expressed 
mainly in the pancreas and the intestine and to some extent in specific neurons located in the 
brain. The posttranslational processing of proglucagon is however different in pancreas and 
intestine (Fig, 2). In the pancreas proglucagon is processed mainly to Glucagon Related 
Pancreatic Polypeptide (GRPP), Glucagon and Major Proglucagon Fragment. In contrast to 
this the processing in the intestine results in Glicentin, Glucagon-Like Peptide 1 (GLP-1) and 
Glucagon-Like Peptide 2 (GLP-2). 

The GLP-2 peptide is rather well conserved between species although sequence 
differences exists (Fig. 3). The pig GLP-2 peptide for example has 4 substitutions as 
compared to the human GLP-2. Interestingly the mouse GLP-2 has only two substitutions 
compared to the human GLP-2. 

GLP-2 is secreted from the L-cells in the small and large intestine. This secretion is 
regulated by nutrient Intake. The plasma concentration of GLP-2 in normal fasting subjects is 
around 15 pM increasing to around 60 pM after a mixed meal. 

The actions of GLP-2 are transduced by a recently cloned glucagon-like peptide-2 
receptor. The GLP-2 receptor represents a new member of the G protein-coupled 7TM 
receptor superfamily. The GLP-2R is expressed in a highly tissue-specific manner 
predominantly in the gastrointestinal tract (Fig.4) and GLP-2R activation is coupled to 
increased adenylate cyclase activity. Cells expressing the GLP-2R responds to GLP-2, but 
not to other peptide of the glucagon family (Glucagon, GLP-1 and GIP). 

In the rat the GLP-2R has also been reported to be expressed in the brain or more 
specific the dorsomedial hypothalamic nucleus. This part of the brain is normally thought to 



be involved in feeding beliaviour and it has been shown that GLP-2 inhibits food intake when 
injected directly into the brain. 

Induction of Intestinal epithelial proliferation by GLP-2 was demonstrated (Drucker, 
O. J. et al (1996) Proc. Natl. Acad. Sci. USA 93: 791 1-7916) and treatment of gastrointestinal 
deseases by cells grown in medium containing GLP-2 was disclosed (Drucker, D.J and 
Keneford. J.R., WO 96/32414). 

WO 97/31943 relates to GLP-2 peptide analogs and the use of certain GLP-2 
peptide analogs for appetite suppression or sateity induction. 

WO 98/08872 Relates to GLP-2 derivatives comprising a lipophilic substituent. 

WO 96/32414 and WO 97/39031 relates to specific GLP-2 peptide analogs. 

WO 98/03547 relates to specific GLP-2 peptide analogs, which exhibit antagonist 

activity 

GLP-2 peptides and derivatives thereof are useful in the treatment of gastrointestinal 
disorders. However, the high clearance limits the usefulness of these compounds, and thus 
there still is a need for improvements in this field. Accordingly, it is an object of the present 
invention to provide peptides of GLP-2 and derivatives thereof which have a protracted profile of 
action relative to native GLP-2, while still retaining the GLP-2 activity. It is a further object of the 
invention to provide a phamriaceutical composition comprising a compound according to the 
invention and to use a compound of the invention to provide such a composition. Also, it is an 
object of the present invention to provide a method of treating gastrointestinal disorders. 

SUMMARY OF THE INVENTION 

It has now been shown that GLP-2 derivatives of the present invention exerts a 
trophic effects on the small and large intestine via stimulation of cell proliferation and 
inhibition of apoptosis. GLP-2 derivatives of the present invention may also stimulate 
enterocyte glucose transport, reduce intestinal permeability and inhibit gastric emptying and 
gastric acid secretion. 

In Its broadest aspect, the present invention relates to derivatives of GLP-2 peptides. 
The derivatives according to the invention have interesting pharmacological properties, in 
particular they have a more protracted profile of action than the parent GLP-2 peptides. 

A simple system Is used in the following to describe peptides, fragments, analogs and 
derivatives of GLP-2. Thus, for example, R20K-GLP-2(1-31) designates a fragment of GLP-2 
fonnally derived from GLP-2 by deleting the amino add residues at position 32 and 33 of SEQ 
ID NO:1 and substituting the naturally occurring amino acid residue arginlne at position 20 of 
SEQ ID NO:1 by a lysine. Similariy, R20K(NMetradecanoyl)/K30R-GLP-2(1-33) designates a 
derivative of a GLP-2 peptide analog formally derived from GLP-2 by exchange of the naturally 



occumng amino add residue lysine In position 30 of SEQ ID NO:1 with an arginine residue and 
excliange of the naturally occumng amino add residue arginine in position 20 of SEQ ID NO:1 
with a lysine residue and tetradecanoylation of the e*amino group of the lysine residue in 
position 20 relative to the amino acid sequence of SEQ ID NO:1, 

Similarly, L17K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33) designates a 
derivative of a GLP-2 peptide analog formally derived from GLP-2 by exchange of the naturally 
occurring amino add residue lysine in position 30 of SEQ ID NO:1 with an arginine residue and 
exchange of the naturally occurring amino add residue leudne in position 17 of SEQ ID N0:1 
with a lysine residue and hexadecanoylation of the e-amino group of the lysine residue in 
position 17 relative to the amino acid sequence of SEQ ID NO:1 by means of the spacer p- 
alanine (fig 5 and 6). 

In a first aspect, the invention relates to a GLP-2 peptide comprising the amino acid 
sequence of formula I; 

His-X^-X^-Gly-X5-Phe.X^-X®-X^-X'°-X^^-X^2.xi3.x^4_xi5,^i6,X^^.X^^ 
Trp-Leu-lle-X^^-Thr-Arg-lle-Thr-X^^ (formula I); 

or a fragment thereof; wherein X^ is Ala, Val or Gly; X^ is Asp, or Glu; X® is Ser, or Lys; X^ is 
Ser, or Lys; X^ is Asp. Glu. or Lys; X^ is Asp. Glu. or Lys; X^° is Met, Lys. Leu. lie, or Nor- 
Leucine; X^^ is Asn. or Lys; X^^ is Thr, or Lys; X^^ is He, or Lys; X^** is Leu. or Lys; X^^ is Asp, 
or Lys; X^® is Asn. or Lys; X^^ is Leu. or Lys; X^® is Ala, or Lys; X^^ is Asp, or Lys; X^"^ is Asn, 
or Lys; X^^ is Gin. or Lys; X^ is Asp. Glu, or Lys. 

In a second aspect, the invention relates to a polynucleotide construct encoding a 
GLP-2 peptide comprising the amino acid sequence of formula I; 

Trp-Leu-lle-X^^-Thr-Arg-lle-Thr-X^ (formula I); 

or a fragment thereof; wherein X^ is Ala, Val or Gly; X^ is Asp, or Glu; X* is Ser, or Lys; X^ is 
Ser, or Lys; X® is Asp, Glu. or Lys; X^ is Asp. Glu, or Lys; X^° is Met. Lys, Leu. lie. or Nor- 
Leudne; X^^ is Asn. or Lys; X^^ is Thr. or Lys; X^^ is lie, or Lys; X^"^ is Leu, or Lys; X^^ is Asp. 
or Lys; X'^ is Asn, or Lys; X^^ is Leu. or Lys; X'® is Ala. or Lys; X^^ is Asp, or Lys; X^^ is Asn, 
or Lys; X^® is Gin, or Lys; X^ is Asp. Glu, or Lys. 

In a third aspect, the invention relates to a host cell comprising a polynucleotide 
construct encoding a GLP-2 peptide comprising the amino add sequence of formula I; 
His-X^-X^-Gly-X^-Phe-X^-X^^-X^-X'^^-X^'-X'^-X'^-X'^-X'^-X'^X'^-X'^'-A^ 
Trp-Leu-lle-X^^-Thr-Arg-lle-Thr-X^^ (formula I); 

or a fragment thereof; wherein X^ is Ala, Val or Gly; X^ is Asp, or Glu; X^ is Ser, or Lys; X^ is 
Ser, or Lys; X® is Asp, Glu, or Lys; X® is Asp, Glu. or Lys; X^° is Met, Lys, Leu, lie, or Nor- 
Leudne; X^^ is Asn, or Lys; X^^ is Thr, or Lys; X^^ is He. or Lys; X^^ is Leu, or Lys; X^® is Asp. 



or Lys; X^® is Asn, or Lys; X^^ is Leu, or Lys; X^* is Ala, or Lys; X^^ is Asp, or Lys; X^* is Asn. 
or Lys; X^® is Gin, or Lys; X^^ is Asp, Giu, or Lys. In one embodiment the liost cell is a 
eukaryotic cell. In one embodiment the host celi is a yeast cell. 

In a further aspect, the invention relates to a GLP-2 derivative comprising a GLP-2 
peptide, wherein a lipophilic substituent is attached to one or more amino acid residues at a 
position relative to the amino add sequence of SEQ ID NO:1 selected from the list consisting 
of S5. S7, D8, E9, M10, N11,T12. 113. L14. D15. N16. L17, A18, D21, N24. and Q28 with 
the proviso that said lipophilic substituent is not attached at the N-terminal amino acid 
residue or the C-terminal amino acid residue of said GLP-2 peptide. In one embodiment a 
lipophilic substituent is attached to an amino acid residues at the position S5 relative to the 
amino add sequence of SEQ ID NO:1. In one embodiment a lipophilic substituent is attached 
to an amino acid residues at the position S7 relative to the amino acid sequence of SEQ ID 
NO:1. In one embodiment a lipophilic substituent is attached to an amino acid residues at the 
position D8 relative to the amino acid sequence of SEQ ID NO:1. In one embodiment a 
lipophilic substituent is attached to an amino add residues at the position E9 relative to the 
amino add sequence of SEQ ID NO:1. In one embodiment a lipophilic substituent is attached 
to an amino add residues at the position M10 relative to the amino acid sequence of SEQ ID 
NO:1. In one embodiment a lipophilic substituent is attached to an amino acid residues at the 
position N1 1 relative to the amino acid sequence of SEQ ID NO:1 . In one embodiment a 
lipophilic substituent is attached to an amino acid residues at the position T12 relative to the 
amino acid sequence of SEQ ID NO:1. In one embodiment a lipophilic substituent is attached 
to an amino add residues at the position 113 relative to the amino acid sequence of SEQ ID 
N0:1. In one embodiment a lipophilic substituent is attached to an amino add residues at the 
position L14 relative to the amino acid sequence of SEQ ID NO:1. In one embodiment a 
lipophilic substituent is attached to an amino add residues at the position D1 5 relative to the 
amino acid sequence of SEQ ID NO:1 . In one embodiment a lipophilic substituent is attached 
to an amino add residues at the position N16 relative to the amino add sequence of SEQ ID 
NO:1. In one embodiment a lipophilic substituent is attached to an amino acid residues at the 
position L17 relative to the amino add sequence of SEQ ID NO:1. In one embodiment a 
lipophilic substituent is attached to an amino add residues at the position A18 relative to the 
amino add sequence of SEQ ID NO:1 . In one embodiment a lipophilic substituent is attached 
to an amino add residues at the position D21 relative to the amino acid sequence of SEQ ID 
NO:1. In one embodiment a lipophilic substituent is attached to an amino acid residues at the 
position N24 relative to the amino acid sequence of SEQ ID NO:1. in one embodiment a 
lipophilic substituent is attached to an amino add residues at the position Q28 relative to the 
amino add sequence of SEQ ID NO:1 . It is to be understood that an amino add residues at 



the position relative to the amino acid sequence of SEQ ID NO:1 may be any amino acid 
residue and not only the amino acid residue naturally present at that position. In one 
embodiment the lipophilic substituent is attached to a lysine. 

In a further aspect, the invention relates to a pharmaceutical composition comprising 
a GLP-2 derivative comprising a GLP-2 peptide, wherein a lipophilic substituent is attached to 
one or more amino acid residues at a position relative to the amino acid sequence of SEQ ID 
NO:1 selected from the list consisting of S5. S7, D8, E9, M10, N11. T12, 113, L14, D15. N16. 
L17, A18, D21, N24, and Q28 with the proviso that said lipophilic substituent is not attached 
at the N-terminal amino add residue or the C-tenninal amino acid residue of said GLP-2 
peptide. 

In a further aspect, the invention relates to the use of a GLP-2 derivative comprising 
a GLP-2 peptide, wherein a lipophilic substituent is attached to one or more amino acid 
residues at a position relative to the amino acid sequence of SEQ ID NO:1 selected from the 
list consisting of S5, S7. D8. E9. M10, N11, T12, 113, L14, D15. N16, L17, A18. D21, N24. 
and Q28 with the proviso that said lipophilic substituent is not attached at the N-terminal 
amino acid residue or the C-terminal amino acid residue of said GLP-2 peptide; for the 
preparation of a medicament. 

In a further aspect, the invention relates to the use of a GLP-2 derivative comprising 
a GLP-2 peptide, wherein a lipophilic substituent is attached to one or more amino acid 
residues at a position relative to the amino acid sequence of SEQ ID NO:1 selected from the 
list consisting of S5, S7/D8. E9. M10. Nil, T12, 113, L14, D15. N16, L17, A18, D21. N24. 
and Q28 with the proviso that said lipophilic substituent is not attached at the N-terminal 
amino acid residue or the C-terminal amino acid residue of said GLP-2 peptide; for the 
preparation of a medicament with protracted effect. 

In a further aspect, the invention relates to the use of a GLP-2 derivative comprising 
a GLP-2 peptide, wherein a lipophilic substituent is attached to one or more amino acid 
residues at a position relative to the amino acid sequence of SEQ ID NO:1 selected from the 
list consisting of S5, S7, D8, E9, M10, Nil, T12. 113. L14, D15, N16. L17, A18, D21, N24, 
and Q28 with the proviso that said lipophilic substituent is not attached at the N-terminal 
amino acid residue or the C-terminal amino acid residue of said GLP-2 peptide; for the 
preparation of a medicament for the treatment of small bowel syndrome. Inflammatory bowel 
syndrome, Crohns disease, colitis including collagen colitis, radiation colitis, post radiation 
atrophy, non-tropical (gluten intolerance) and tropical sprue, damaged tissue after vascular 
obstruction or trauma, tourist diarrhea, dehydration, bacteremia, sepsis, anorexia nervosa, 
damaged tissue after chemotherapy, premature infants, schleroderma. gastritis including 
atrophic gastritis, postantrectomy atrophic gastritis and helicobacter pylori gastritis, ulcers, 
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enteritis, cul-de-sac, lymphatic obstruction, vascular disease and graft-versus-host, healing 
after surgical procedures, post radiation atrophy and chemotherapy, and osteoporosis. 

In a further aspect, the invention relates to the use of a GLP-2 receptor agonist for 
the preparation of a medicament for the treatment of small bowel syndrome, inflammatory 
bowel syndrome, Crohns disease, colitis Including collagen colitis, radiation colitis, post 
radiation atrophy, non-troprcal (gluten intolerance) and tropical sprue, damaged tissue after 
vascular obstruction or trauma, tourist diantiea. dehydration, bacteremia, sepsis, anorexia 
nervosa, damaged tissue after chemotherapy, premature infants, schleroderma, gastritis 
including atrophic gastritis, postantrectomy atrophic gastritis and helicobacter pylori gastritis, 
ulcers, enteritis, cul-de-sac, lymphatic obstruction, vascular disease and graft-versus*host, 
healing after surgical procedures, post radiation atrophy and chemotherapy, and 
osteoporosis. 

In a further aspect, the invention relates to the GLP-2 derivative of the invention for 
use as a medicament. 

In a further aspect, the invention relates to a method for the treatment of instestinal 
failure or other condition leading to malabsorption of nutrients in the intestine, the method 
comprising administering a therapeutically or prophylactically effective amount of a GLP-2 
derivative comprising a GLP-2 peptide, wherein a lipophilic substituent is attached to one or 
more amino add residues at a position relative to the amino acid sequence of SEQ ID NO:1 
independtly selected from the list consisting of S5. S7. D8. E9, M10, N1 1. T12, 113, L14, 
D15, N16. L17, A18, D21, N24, and Q28 with the proviso that said lipophilic substituent is not 
attached at the N-terminal amino acid residue or the C-terminal amino acid residue of said 
GLP-2 peptide; to a subject in need thereof. 

In a further aspect, the invention relates to a method for the treatment of small bowel 
syndrome. Inflammatory bowel syndrome, Crohns disease, colitis including collagen colitis, 
radiation colitis, post radiation atrophy, non-tropical (gluten intolerance) and tropical sprue, 
damaged tissue after vascular obstruction or trauma, tourist diarrhea, dehydration, 
bacteremia, sepsis, anorexia nervosa, damaged tissue after chemotherapy, premature 
infants, schleroderma, gastritis including atrophic gastritis, postantrectomy atrophic gastritis 
and helicobacter pylori gastritis, ulcers, enteritis, cul-de-sac, lymphatic obstruction, vascular 
disease and graft-versus-host, healing after surgical procedures, post radiation atrophy and 
chemotherapy, and osteoporosis, the method comprising administering a therapeutically or 
prophylactically effective amount of a GLP-2 derivative comprising a GLP-2 peptide, wherein 
a lipophilic substituent is attached to one or more amino acid residues at a position relative to 
the amino acid sequence of SEQ ID NO:1 selected from the list consisting of S5, S7, D8, E9, 
M10, N11. T12, H3, L14, D15, N16, L17, A18, D21, N24, and Q28 with the proviso that said 



lipophilic substituent Is not attached at the N-termlnal amino acid residue or the C-terminal 
amino acid residue of said GLP-2 peptide; to a subject in need thereof. 

In a further aspect, the invention relates to a method for the treatment of small bowel 
syndrome, Inflammatory bowel syndrome, Crohns disease, colitis including collagen colitis, 
radiation colitis, post radiation atrophy, non-tropical (gluten intolerance) and tropical sprue, 
damaged tissue after vascular obstruction or trauma, tourist dianrhea, dehydration, 
bacteremia, sepsis, anorexia nervosa, damaged tissue after chemotherapy, premature 
infants, schlerodenma, gastritis including atrophic gastritis, postantrectomy atrophic gastritis 
and helicobacter pylori gastritis, ulcers, enteritis, cul*de-sac, lymphatic obstruction, vascular 
disease and graft-versus-host, healing after surgical procedures, post radiation atrophy and 
chemotherapy, and osteoporosis, the method comprising administering a therapeutically or 
prophylactically effective amount of a GLP-2 receptor agonist. 

In a further aspect, the invention relates to a method for producing the GLP-2 
peptide comprising the amino acid sequence of formula I; 
His-X'-X^-Gly-X^-Phe-X^X^-X^-X^^-X'^-X'^-X^^-X^^-X^^^X'^-X'^-X'"^ 
Trp-Leu-lle-X^^-Thr-Arg-lle-Thr-X^ (fomiula I); 

or a fragment thereof; wherein X^ is Ala, Val or Gly; X^ is Asp. or Glu; X^ is Ser, or Lys; X^ is 
Ser. or Lys; X® is Asp, Glu, or Lys; X^ is Asp. Glu. or Lys; X^° is Met, Lys. Leu. lie, or Nor- 
Leucine; X^^ is Asn, or Lys; X^^ is Thr, or Lys; X^^ is lie, or Lys; X^'* is Leu. or Lys; X^^ is Asp, 
or Lys; X^^ is Asn. or Lys; X^^ is Leu, or Lys; X^^ is Ala, or Lys; X^^ is Asp. or Lys; X^"* is Asn, 
or Lys; X^® is Gin. or Lys; X^^ is Asp, Glu, or Lys, the method comprising cultivating a host 
cell comprising a polynucleotide construct encoding a GLP-2 peptide comprising the amino 
acid sequence of formula I in an appropriate growth medium under conditions allowing 
expression of the polynucleotide construct and recovering the resulting peptide from the 
culture medium. 

DETAILED DESCRIPTION OF THE INVENTION 

Short Bowel Syndrome (SBS) is a devastating clinical condition encountered in a 
wide spectrum of medical and surgical conditions. The most common causes include 
irradiation, cancer, mesenteric vascular disease, Crohn's disease and trauma. With improved 
care of patients with SBS a greater number of patients are surviving for a longer period of 
time, thus magnifying the need for thera-peutic interventions to reduce or eliminate the long- 
temn problems associated with SBS. Although SBS patient have up to 7 meals a day they still 
have problems maintaining normal body weight and these patients are often maintained on 
parenteral nutrition either at home (HPN) or at the hospital. 
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Chemotherapy (CT) and radiation therapy (RT) for treatment of cancers target 
rapidly dividing cells. Since the cells of intestinal crypts (the simple tubular glands of the 
small intestine) are rapidly proliferating, CT/RT tends to produce intestinal mucosal damage 
as an adverse effect. Gastroenteritis, diarrhea, dehydration and, in some cases, bacteremia 
and sepsis may ensue. These side effects are severe for two reasons: They set the limit for 
the dose of therapy and thereby the efficacy of the treatment, and they represent a 
potentially life-threatening condition, which requires intensive and expensive treatment. 

Animal studies have shown that CT-induced intestinal mucosal damage can be 
counteracted by GLP-2 peptides due to its potent intestinotrophic activity, which leads to an 
increase in bowel weight, villus height, crypt depth and crypt cell proliferation rate and, 
importantly, a reduction of crypt cell apoptosis. RT-induced Gl tract damage and the potential 
protective effect of 6LP-2 peptides follow the same rationale as that of CT. 

Inflammatory tx>wel disease (IBD) comprises Crohn's disease, which mainly affects 
the small intestine, and ulcerative colitis, which mainly occurs in the distal colon and rectum. 
The pathology of IBD is characterized by chronic inflammation and destruction of the Gl 
epithelium. Current treatment is directed towards suppression of inflammatory mediators. 
Stimulation of repair and regeneration of the epithelium by intestinotrophic agents such as 
GLP-2 derivatives according to the present invention might represent an alternative or 
adjunct strategy for treatment of IBD. 

Dextran sulfate (DSHnduced colitis in rodents resembles ulcerative colitis in man, 
with development of mucosal edema, crypt erosions and abscesses, leading to polyp 
formation and progression to dysplasia and adenocarcinoma, but the precise mechanism 
underlying the toxicity of DS is not known. A beneficial effect of GLP-2 peptides in (DS)- 
induced colitis in mice have been demonstrated. Mice receiving 5% DS in the drinking water 
developed loose blood-streaked stools after 4-5 days and lost 20-25% of their body weight 
after 9-10 days. Mice that were in addition treated subcutaneously twice daily for the whole 
period (9-10 days) with either 350 ng or 750 ng A2G-GLP-2(1-33) lost significantly less body 
weight and appeared much healthier. The effects were dose-dependent. By histology, DS 
mice treated with A2G-GLP-2(1-33) exhibited a greater proportion of intact mucosal 
epithelium, increased colon length, crypt depth and mucosal area. These effects were 
mediated In part via enhanced stimulation of mucosal epithelial cell proliferation. It is 
concluded by the inventors of the present invention that there is a therapeutic potential for 
the treatment of IBD of GLP-2 derivatives according to the present invention, potentially in 
combination with anti-inflammatory drugs. Thus, there is a potential of GLP-2 derivatives 
according to the present invention as an adjunct to anti-inflammatory therapy in IBD. The 
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predominant role of GLP-2 derivatives according to the present invention in IBD would be to 
enhance the regeneration of compromised intestinal epithelium. 

The degradation of native GLP-2(1-33) in vivo in humans presumably by Dipeptidyl 
Peptidase IV (DPP-IV) has been studied In details. GLP-2 infusions (0.8 pmol/l^g * min) 
increasing plasma level of intact GLP-2(1-33) from 9 pM to 131 pM was eliminated with 
value of 7 min. When an s.c. injection of GLP-2(1-33) was given (400 mg - 106.000 pmol) 
the plasma concentration increased to a maximum of 1500 pM after 45 min. One hour after 
the s.c. injection, 69% of the injected GLP-2(1-33) was still intact GLP-2 (1-33). In both 
studies the only degradation product detected by HPLC was GLP-2(3-33) and it was 
concluded that GLP-2 is extensively degraded to GLP-2 (3-33) in humans presumably by 
DPP-I V. Thus the object of the present invention is to provide GLP-2 derivatives, that are 
resistant to DPP-IV degradation are thus more potent in vivo that the native GLP-2 peptide. 

The term "GLP-2 peptide" as used herein means any protein comprising the amino 
acid sequence 1-33 of native human GLP-2 (SEQ ID NO: 1) or analogs thereof. This 
includes but are not limited to native human GLP-2 and analogs thereof. 

The term "GLP-Z* as used herein is intended to include proteins that have the amino 
acid sequence 1-33 of native human GLP-2 with amino acid sequense of SEQ ID NO:1. It 
also includes proteins with a slightly modified amino acid sequence, for instance, a modified 
N-terminal end including N-terminal amino acid deletions or additions so long as those 
proteins substantially retain the activity of GLP-2. "GLP-2" within the above definition also 
includes natural allelic variations that may exist and occur from one individual to another. 
Also, degree and location of glycosylation or other post-translation modifications may vary 
depending on the chosen host cells and the nature of the host cellular environment. 

The terms ''analog" or "analogs", as used herein, is intended to designate a GLP-2 
peptide having the sequence of SEQ ID NO:1, wherein one or more amino acids of the 
parent GLP-2 protein have been substituted by another amino acid and/or wherein one or 
more amino acids of the parent GLP-2 protein have been deleted and/or wherein one or 
more amino acids have been inserted in protein and/or wherein one or more amino acids 
have been added to the parent GLP-2 protein. Such addition can take place either at the N- 
temiinal end or at the C-termtnal end of the parent GLP-2 protein or both. The •'analog" or 
"analogs" within this definition still have GLP-2 activity as measured by the ability to exert a 
trophic effects on the small or large intestine. In one embodiment an analog is 70 % identical 
with the sequence of SEQ ID NO:1. In one embodiment an analog is 80 % identical with the 
sequence of SEQ ID NO:1 . In another embodiment an analog is 90 % identical with the 
sequence of SEQ ID NO:1 . In a further embodiment an analog is 95 % identical with the 
sequence of SEQ ID NO:1 . In a further embodiment an analog is a GLP-2 peptide, wherein a 
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total of up to ten amino add residues of SEQ ID NO:1 have t^een exchanged with any amino 
acid residue. In a further embodiment an analog is a GLP-2 peptide, wherein a total of up to 
five amino acid residues of SEQ ID NO:1 have been exchanged with any amino acid residue. 
In a further embodiment an analog is a GLP-2 peptide, wherein a total of up to three amino 
acid residues of SEQ ID NO:1 have been exchanged with any amino acid residue. In a further 
embodiment an analog is a GLP-2 peptide, wherein a total of up to two amino acid residues of 
SEQ ID NO:1 have been exchanged with any amino add residue. In a further embodiment an 
analog is a GLP-2 peptide, wherein a total of one amino add residue of SEQ ID NO:1 have 
been exchanged with any amino add residue. 

The temi "a fragment thereor, as used herein, means any fragment of the peptide 
according to formula I or II with at least 15 amino acids. In one embodiment the fragment has 
at least 20 amino acids. In one embodiment the fragment has at least 25 amino adds. In one 
embodiment the fragment has at least 30 amino acids. In one embodiment the fragment is 
according to formula I or II with one amino add deletion in the C-terminal. In one 
embodiment the fragment is according to formula t or II with two amino acid deletions in the 
C-terminal. In one embodiment the fragment is according to fomiula I or II with three amino 
acid deletions in the C-terminal. In one embodiment the fragment is according to formula I or 
II with four amino acid deletions in the C-terminal. 

In one embodiment the fragment is according to formula I or II with one amino acid 
deletion in the N-tenminal. In one embodiment the fragment is according to formula 1 or II with 
two amino acid deletions in the N-terminal. In one embodiment the fragment is according to 
formula I or II with three amino acid deletions in the N-terminal. In one embodiment the 
fragment is according to formula I or II with four amino acid deletions in the N-terminal. 

The term "derivative" is used in the present text to designate a peptide in which one or 
more of the amino add residues have been chemically modified, e.g. by alkytation, acylation, 
ester fonnation or amide formation. 

The temi "a GLP derivative" is used in the present text to designate a derivative of a 
GLP-2 peptide. In one embodiment the GLP-2 derivative according to the present invention has 
GLP-2 activity as measured by the ability to bind a GLP-2 receptor (GLP-2R) and/or exert a 
trophic effects on the small or large intestine. In one embodiment the GLP-2 receptor is 
selected from the list consisting of rat GLP-2R, mouse GLP-2R and human GLP-2R. 

The term " polynucleotide constmcF' is intended to indicate a polynucleotide segment 
which may be based on a complete or partial naturally occuning nucleotide sequence encoding 
the peptide of interest The construct may optionally contain other polynucleotide segments. In 
a similar way, the term "amino adds which can be encoded by polynucleotide constructs" 
covers amino adds which can be encoded by the polynucleotide constructs defined above, 
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i.e. amino acids such as Ala, Val, Leu, lie, Met, Phe, Trp, Pro, Gly, Ser, Thr, Cys, Tyr, Asn, 
Glu, Lys, Arg, His, Asp and Gin. 

The terni "a host cell", as used herein, represent any cell, including hybrid cells, in 
which heterologous DNA can be expressed. Typical host cells includes, but are not limited to 
insect celts, yeast cells, mammalian cells, including human cells, such as 6HK, CHO, HEK. 
and COS cells. 

In the present context, the term 'treatment" is meant to include both prevention of an 
expected instestinal failure or other condition leading to malabsorption of nutrients in the 
intestine, such as in post radiation atrophy, and regulation of an already occurring instestinal 
failure, such as in Inflammatory bowel syndrome, with the purpose of inhibiting or minimising 
the effect of the condition leading to malabsorption of nutrients in the intestine. Prophylactic 
administration with the GLP-2 derivative according to the invention is thus included in the term 
"treatment". 

The term "subjecf as used herein is intended to mean any animal, in particular 
mammals, such as humans, and may. where appropriate, be used interchangeably with the 
term "patient". 

As used herein the term "appropriate growth medium" means a medium containing 
nutrients and other components required for the growth of cells and the expression of the 
nucleic acid sequence encoding the GLP-2 peptide of the invention. 

To obtain a satisfactory protracted profile of action of the GLP-2 derivative, the 
lipophilic substituent attached to the GLP-2 moiety, as an example comprises 4^0 carbon 
atoms, such as 8-25 cartoon atoms. The lipophilic substituent may be attached to an amino 
group of the GLP-2 moiety by means of a cartxjxyl group of the lipophilic substituent which 
forms an amide bond with an amino group of the amino acid to which it is attached. As an 
alternative, the lipophilic substituent may be attached to said amino acid in such a way that an 
amino group of the lipophilic substituent fomis an amide bond with a carboxyl group of the 
amino add. As a further option, the lipophililic substituent may be linked to the GLP-2 moiety via 
an ester bond. Formally, the ester can be formed either by reaction between a carboxyl group of 
the GLP-2 moiety and a hydroxyl group of the substituent-to-be or by reaction between a 
hydroxyl group of the GLP-2 moiety and a carboxyl group of the substituent-to-be. As a further 
altemative, the lipophilic substituent can be an alkyi group which is introduced into a primary 
amino group of the GLP-2 moiety. 

In one embodiment of the invention the GLP-2 peptide consists of the amino acid 
sequence 
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Trp-Leu-lle-X^®-Thr-Arg-lle-Thr-X^ 

or a fragment thereof: wherein X^ is Ala, Val or Gly; X^ is Asp, or Glu; X® is Ser, or Lys; X^ is 
Ser, or Lys; X® is Asp, Glu, or Lys; X® is Asp, Glu, or Lys; X^** is Met, Lys, Leu, lie, or Nor- 
Leucine; X^^ is Asn, or Lys; X^^ is Thr, or Lys; X^^ is lie, or Lys; X^^ is Leu, or Lys; X^^ is Asp. 
or Lys; X^® is Asn, or Lys; X'^ is Leu, or Lys; X^® is Ala, or Lys; X^ is Arg, or Lys; X^^ is Asp, 
or Lys; X^* is Asn, or Lys; X^ is Gin, or Lys; X^ is Asp, Glu, or Lys. In one embodiment X^ is 
Ala. In one embodiment X^ is Gly. In one embodiment X^ is Asp. In one embodiment X^ is 
Glu. In one embodiment X^ is Ser. In one embodiment X^ is Ser. In one embodiment X^ Is 
Asp. In one embodiment X® is Glu. In one embodiment X® is Asp. In one embodiment X® is 
Glu. In one embodiment X^° is selected from the group consisting of Met. Leu. lie. and Nor- 
Leucine. In one embodiment X^^ is Asn. In one embodiment X'^ is Thr. In one embodiment 
X^^ is lie. In one embodiment X^'* is Leu. In one embodiment X^^ is Asp. In one embodiment 
X^® is Asn. In one embodiment X^^ is Leu. In one embodiment X^^ is Ala. In one embodiment 
X^' is Asp. In one embodiment X^^ is Asn. In one embodiment X^^ is Gin. In one embodiment 
X^ is Asp. In one embodiment X^^ is Glu. In one embodiment the amino acid independently 
selected from the list consisting of X^ X^ X^ X®. X'^ X'\ X'\ X'\ X'\ X^^ X'\ X'^ X2^ 
X^\ X^^, X^^, and X^^ is Lys. In one embodiment the amino acid independently selected from 
the list consisting of X^ X^ X^ X^ X'^ X'\ X'\ X'\ X'\ X'^ X'^ X'^ X'^ X^. X^\ X^\ X^^ 
and X^ is Lys. In one embodiment the amino add is Lys. In one embodiment the amino 
acid X^ is Lys. In one embodiment the amino acid X® is Lys. In one embodiment the amino 
acid X® is Lys. In one embodiment the amino acid X^° is Lys. In one embodiment the amino 
acid X^' is Lys. In one embodiment the amino acid X^^ is Lys. In one embodiment the amino 
acid X^^ is Lys. In one embodiment the amino acid X^^ is Lys. In one emt>odiment the amino 
acid X^^ is Lys. In one embodiment the amino add X^^ is Lys. In one embodiment the amino 
acid X^^ is Lys, In one eml>odiment the amino add X^^ is Lys. In one embodiment the amino 
acid X^ is Lys. In one embodiment the amino add X^^ is Lys. In one embodiment the amino 
acid X^* is Lys. In one embodiment the amino add X^® is Lys. In one embodiment the amino 
acid X^ is Lys. 

In one embodiment of the invention the GLP-2 peptide is a GLP-2 peptide, wherein a 
total of up to 5 amino add residues have been exchanged v^th any a-amino add residue, such 
as 4 amino add reddues, 3 amino add residues, 2 amino acid residues, or 1 amino add 
residue. 

In one embodiment of the invention the GLP-2 peptide is selected from the list 
consisting of: K30R-GLP-2(1-33); S5K-GLP-2(1-33); S7K-GLP-2(1-33); D8K.GLP-2(1-33); 
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E9K-GLP-2(1-33): M10K-GLP-2(1-33); N11K-GLP-2(1-33); T12K-GLP-2(1-33); I13K-GLP- 
2(1-33); L14K-GLP-2(1-33); D15K-GLP-2(1-33): N16K-GLP-2<1-33); L17K-GLP-2(1-33); 
A18K-GLP-2(1-33): D21K-GLP-2{1-33); N24K-GLP-2(1-33): Q28K-GLP-2(1-33); S5K/K30R- 
GLP-2(1-33): S7K/K30R.GLP-2(1-33); D8K/K30R-GLP-2(1-33); E9K/K30R-GLP-2(1-33); 
M10K/K30R-GLP-2(1-33); N11K/K30R-GLP-2(1-33); T12K/K30R-GLP-2(1-33): I13K/K30R- 
GLP-2(1-33); L14K/K30R-GLP-2(1-33): D15K/K30R-GLP-2(1-33); N16K/K30R-<3LP-2(1-33); 
L17K/K30R-GLP-2(1-33); A18K/K30R-GLP-2(1-33); D21K/K30R-GLP-2(1-33); N24K/K30R- 
GLP-2(1-33); Q28K/K30R-GLP-2(1-33); K30R/D33K-GLP-2(1-33); D3E/K30R/D33E-GLP- 
2(1-33); D3E/S5K/K30R/D33E-GLP-2(1-33); D3E/S7K/K30R/D33E-GLP-2(1-33): 
D3E/D8K/K30R/D33E-GLP-2(1-33); D3E/E9K/K30R/D33E-GLP-2(1-33): 
D3E/M10K/K30R/D33E-GLP-2(1-33); D3E/N1 1K/K30R/D33E-GLP-2(1-33); 
D3E/ri2K/K30R/D33E-GLP-2(1 -33); D3E/I1 3K/K30R/D33E-GLP-2(1 -33); 
D3E/L1 4K/K30R/D33E-GLP-2(1 -33); 03^01 5K/K30R/D33E-GLP-2(1-33); 
D3E/N16K/K30R/D33E-GLP-2(1-33); D3E/L17K/K30R/D33E-GLP-2(1-33); 
D3E/A1 8K/K30R/D33E-GLP-2(1-33); D3E/D21 K/K30R/D33E-GLP-2(1 -33); 
D3E/N24K/K30R/D33E-GLP-2(1-33); and D3E/Q28K/K30R/D33E-GLP-2(1-33). 

in one embcxliment of the invention the GLP-2 derivative comprises a GLP-2 
peptide, wherein the GLP-2 peptide is according to 
formula II 

His-x2-X^-Gly-X^Phe-X^-X''-X«-X'°-X''-X'2-X"-X'''-X'^X'«-X"-X'^-Ala-X^-X^'-Phe-lle-X2''- 
Trp-Leu-lle-X^^-Thr-X^°-lle-Thr-X^ (formula II) 

or a fragment thereof; wherein X^ is Ala. Val or Gly; X^ is Asp, or Glu; X^ is Ser. or Lys; X^ is 
Ser, or Lys; X* is Asp. Glu, or Lys; X^ is Asp, Glu, or Lys; X^° is Met. Lys, Leu, lie. or Nor- 
Leudne; X" Is Asn. or Lys; X'^ is Thr. or Lys; is lie, or Lys; X'^ is Leu, or Lys; X^^ is Asp, 
or Lys; X" is Asn, or Lys; X" is Leu. or Lys; X^' Is Ala. or Lys; X*" is Arg. or Lys; X^^ is Asp. 
or Lys; X^* is Asn. or Lys; X^ is Gin. or Lys; X" is Arg. or Lys; X^ is Asp, Glu, or Lys 
(formula II). 

In one embodiment of the invention the GLP-2 derivative only has one lipophilic 
substltuent attached to the GLP-2 peptide. 

In one embodiment of the invention the lipophilic substituent comprises from 4 to 40 
carbon atoms. 

In one emt>odiment of the invention the lipophilic substituent comprises from 8 to 25 
carbon atoms. 
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In one embodiment of the invention the lipophilic substituent comprises from 12 to 20 
cartx)n atoms. 

In one embodiment of the invention the lipophilic substituent Is attached to an amino 
acid residue in such a way that a carboxyl group of the lipophilic substituent forms an amide 
bond with an amino group of the amino add residue. 

In one embodiment of the invention tfie lipophilic substituent is attached to a Lys 

residue. 

In one embodiment of the invention the lipophilic substituent Is attached to an amino 
acid residue in such a way that an amino group of the lipophilic substituent fomis an amide 
bond with a cartx>xyl group of the amino acid residue. 

In one embodiment of the invention the lipophilic substituent is attached to the GLP-2 
peptide by means of a spacer. 

In one embodiment of the invention the spacer is an unbranched alkane a,(o- 
dicarboxylic add group having from 1 to 7 methylene groups, such as two methylene groups 
which spacer forms a bridge between an amino group of the GLP-2 peptide and an amino 
group of the lipophilic substituent. 

In one embodiment of the invention the spacer is an amino acid residue except a Cys 
residue, or a dipeptide. Examples of suitable spacers includes p-alanine, gamma-aminobutyric 
acid (GABA). y-gt^tamic acid, succinic acid, Lys. Glu or Asp, or a dipeptide such as Gly-Lys. 
When the spacer Is succinic acid, one carboxyl group thereof may form an amide bond with an 
amino group of the amino acid residue, and the other carboxyl group tliereof may form an 
amide bond with an amino group of the lipophilic substituent. When the spacer is Lys, Glu or 
Asp, the carboxyl group thereof may form an amide bond with an amino group of the amino acid 
residue, and the amino group thereof may form an amide bond with a carboxyl gn3up of the 
lipophilic substituent. When Lys is used as the spacer, a further spacer may in some instances 
be Inserted between the e-amino group of Lys and the lipophilic substituent. In one embodiment, 
such a further spacer is succinic acid which forms an amide bond with the e-amino group of Lys 
and with an amino group present in the lipophilic substituent. In another embodiment such a 
further spacer is Glu or Asp which forms an amide bond with the E-amino group of Lys and 
another amide bond with a carboxyl group present in the lipophilic substituent. that is, the 
lipophilic substituent is a N^-acylated lysine residue. 

In one embodiment of the invention the spacer is selected from the list consisting of 
p-alanine, gamma-aminobutyric acid (GABA), y-glutamic acid, Lys. Asp. Glu. a dipeptide 
containing Asp. a dipeptide containing Glu, or a dipeptide containing Lys. In one embodiment 
of the invention the spacer is p-alanine. In one embodiment of the invention the spacer is 
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gamma-aminobutyric acid (GABA). In one embodiment of Vne invention the spacer is y- 
glutamic acid. 

In one embodiment of the invention a carboxyl group of the parent GLP-2 peptide 
forms an amide bond with an amino group of a spacer, and the carboxyl group of the amino 
acid or dipepSde spacer fomns an amide bond with an amino group of the lipophilic substituent. 

In one embodiment of the invention an amino group of the parent GLP-2 peptide 
fomris an amide bond with a cart>oxylic group of a spacer, and an amino group of the spacer 
forms an amide bond with a cart>oxyl group of the lipophilic substituent. 

In one embodiment of the invention the lipophilic substituent comprises a partially or 
completely hydrogenated cyclopentanophenathrene skeleton. 

In one embodiment of the invention the lipophilic substituent is an straight-chain or 
branched alky! group. In one embodiment of the invention ttie lipophilic substituent is the acyl 
group of a straight-chain or branched fatty add. 

In one embodiment of the invention ttie acyl group of a lipophilic substituent is 
selected from the group comprising CH3(CH2)nCO-, wherein n is 4 to 38, such as CH3(CH2)6CO- 
. CH3(CH2)8CO-, CH3(CH2)ioCO-, CHaCCHs^sCO-, CH3(CH2)i4CO-. CH3(CH2)i6CO-, 
CH3(CH2)i8CO-. CH3(CH2)2oCO- and CH3(CH2)22CO-. 

In one embodiment of the invention the lipophilic substituent is an acyl group of a 
straight-chain or branched alkane a.co-dicarboxylic acid. 

In one embodiment of the invention the acyl group of the lipophilic substituent is 
selected from the group comprising HOOC(CH2)mC0-, wherein m is 4 to 38, such as 
HOOC(CH2)i4CO-, HOOC(CH2)i6CO-. HOOC(CH2)ieCO-. HOOC(CH2)2oCO- and 
HOOC(CH2)22CO-. 

In one embodiment of the invention the lipophilic substituent is a group of the fomiula 
CH3(CH2)p((CH2)qCOOH)CHNH-CO(CH2)2CO-. wherein p and q are integers and p+q is an 
integer of from 8 to 40, such as from 12 to 35. 

In one embodiment of the invention the lipophlic substituent is a group of the formula 
CH3(CH2)rCO-NHCH(COOH)(CH2)2CO-, wherein r is an integer of from 10 to 24. 

In one embodiment of the invention the lipophilic substituent is a group of the fonnula 
CH3(CH2)8CO-NHCH((CH2)2COOH)CO-, wherein s is an integer of from 8 to 24. 

In one embodiment of the invention the lipophilic substituent is a group of the formula 
COOH(CH2)tCO- wherein t is an integer of from 8 to 24, 

In one embodiment of the invention the lipophilic substituent is a group of the fonnula 
-NHCH(COOH)(CH2)4NH-CO(CH2)uCH3. wherein u Is an integer of from 8 to 18. 
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In one embodiment of the invention the lipophilic substituent is a group of the formula 
-NHCH(COOH)(CH2)4NH-COCH((CH2feCOOH)NH-CO(CH2)wCH3. wherein w is an integer of 
from 10 to 16. 

In one embodiment of the invention the lipophilic substituent is a group of the fonnula 
-NHCH(COOH)(CH2)4NH-CO{CH2)2CH(COOH)NH-CO(CH2)kCH3. wherein x is an integer of 
from 10 to 16. 

In one embodiment of the invention the lipophilic substituent is a group of the formula 
-NHCH(COOH)(CH2)4NH-CO(CH2)2CH(COOH)NHCO(CH2)yCH3, wherein y is zero or an 
integer of from 1 to 22. 

In one embodiment of the invention the lipophilic substituent is N-Lithocholoyl. 

In one embodiment of the invention the lipophilic substituent is N-Choloyl. 

In one embodiment of the invention the GLP-2 derivative has one lipophilic 
substituent In one embodiment of the invention the GLP-2 derivative has two lipophilic 
substituents. In one embodiment of the invention the GLP-2 derivative has three lipophilic 
substituents. In one embodiment of the invention the GLP-2 derivative has four lipophilic 
substituents. 

In one embodiment of the invention the GLP-2 derivative is selected from the group 
consisting of 

S5K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 
S7K{3-(hexadecanoylamlno)propionyl)-GLP-2(1-33); 
D8K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 
E9K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 
M 1 0K(3-(hexadecanoylamino)propionyl)-G LP-2(1 -33); 
Nil K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 
T12K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 
1 1 3K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 
L14K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 
D1 5K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 
N 1 6K{3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 
LI 7K(3-(octanoylamino)propionyl)-GLP-2(1 -33); 
LI 7K(3-(nonanoylamino)propionyl)-GLP-2(1 -33); 
LI 7K(3-(decanoylamino)propionyl)-GLP-2(1 -33); 
L17K(3-(undecanoylamino)propionyl)-GLP-2(1-33); 
L17K(3-(dodecanoylamino)propionyl)-GLP-2(1-33); 
LI 7K(3-(tridecanoylamino)propionyl)-GLP-2(1 -33); 
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L1 7K(3-(tetradecanoylamino)propionyl)-GLP-2(1 -33); 

L1 7K(3-(pentadecanoylamino)propionyl)-GLP-2(1 -33); 

L1 7K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 

L17K(3-(heptadecanoylamino)propionyl)-GLP-2(1-33); 

LI 7K(3-(octadecanoylamino)propionyl)-GLP-2(1 -33); 

L17K(3-(nonadecanoylamino)propionyl)-GLP-2(1-33); 

L1 7K(3-(eicosanoylamino)propionyl)-GLP-2(1 -33); 

L1 7K({S)-4-cart>oxy-4-(octanoylamino)butanoyl)-GLP-2(1 -33); 

L17K({S)-4-carboxy-4-(nonanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K((S)-4-carboxy-4-(decanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(undecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K{(S)-4-carboxy-4-(dodecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(tridecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(tetradecanoylamino)butanoyl)-GLP-2(1 -33); 

L17K((S)-4-carboxy-4-(pentadecanoylamino)butanoyl)-GLP-2(1-33); 

L17K((S)-4-carboxy-4-(hexadecanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K{{S)-4-carboxy-4-(heptadecanoylamino)butanoyl)-GLP-2(1 -33); 

LI 7K((S)-4-cart)Oxy-4-(octadecanoylamino)butanoyl)-GLP-2(1 -33); 

L17K((S)-4-carboxy-4-(nonadecanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K((S)-4-carboxy-4-(eicosanoylamino)butanoyl)-GLP-2(1 -33); 

L17K(4-(octanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K(4-(nonanoylamino)bLJtanoyl)-GLP-2{1 -33); 

LI 7K{4-(decanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-(undecanoyldmino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-(dodecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-(tridecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-(tetradecanoylamino)butanoyl)^LP-2(1 -33); 

L1 7K(4-(pentadecanoylamino)butanoyl)-GLP-2(1 -33); 

LI 7K(4-(hexadecanoylamino)butanoyl)-GLP-2(1 -33); 

L17K{4-(heptadecanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K(4-(octadecanoylamino)butanoyl)-GLP-2(1 -33); 

L17K(4-(nonadecanoylamino)butanoyl)-GLP-2(1-33); 

L17K(4-(eicosanoylamino)butanoyl)-GLP-2(1-33); 

A18K{3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

D21 K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 

N24K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 
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Q28K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

S5K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

S7K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

D8K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

E9K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

M1 0K(3-(hexadecanoylamino)propionyl}/K30R-GLP-2(1 -33); 

N 1 1 K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

T12K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

1 1 3K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L1 4K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

D1 5K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

N 1 6K(3-{hexadecanoylami no)propionyl)/K30R-GLP-2(1 -33); 

L17K(3-{octanoylamino)propionyl)/K30R-GLP-2{1-33); 

L1 7K(3-(nonanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L17K{3-(decanoylamino)propionyl)/K30R-GLP-2(1-33); 

L17K{3-(undecanoylamino)propionyl)/K30R-GLP-2(1-33); 

L17K{3-(dodecanoylamino)propionyl)/K30R-GLP-2(1-33); 

L17K(3-(tridecanoylamino)propionyl)/K30R-GLP-2(1-33); 

LI 7K(3-(tetradecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L1 7K(3-(pentadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L1 7K(3-(hexadecanoylamino)propionyl)/K30R-GLP'2{1 -33); 

L17K(3-(heptadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

LI 7K(3-(octadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L17K(3-(nonadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

L17K(3-(eicosanoylamino)propionyl)/K30R-GLP-2(1-33); 

L17K((S)-4-carboxy^-(octanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L17K({S)-4-carboxy-4-{nonanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L17K((S)-4-carboxy-4-(decanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L1 7K((S)-4-carboxy-4-{undecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(dodecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L17K((S)-4-carboxy-4-(tridecanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L17K((S)-4-carboxy-4-(tetradecanoylamino)butanoyl)/K30R-GLP-2(1-33) 

L17K((S)-4-carboxy-4-(pentadecanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L1 7K((S)-4-carboxy-4-(hexadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(heptadecanoylannino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K((S)-*-carboxy-4-(octadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 
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LI 7K((S)-4-carboxy-4-(nonadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K((S)-4-cart)oxy-4-(eicosanoylamino)butanoyi)/K30R-GLP-2(1 -33); 

LI 7K{4-(octanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K(4-(nonanoylamino)butanoyiyK30R-GLP-2(1 -33); 

L1 7K(4-(decanoyiamino)butanoyl)/K30R-GLP-2(1 -33); 

L17K(4-(undecanoylamino)butanoyi)/K30R-GLP-2(1-33): 

L17K(4-(dodecanoylamino)butanoyl)/K30R-GLP-2(1-33); 

LI 7K(4-(tridecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(tetradecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(pentadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(hexadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(heptadecanoylamjno)butanoyl)/K30R-GLP-2( 1 -33); 

L1 7K(4-(octadecanoytamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(nonadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L17K(4-(eicosanoylamino)butanoyl)/K30R-GLP-2(1-33); 

A1 8K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

D21K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

N24K(3-{hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

Q28K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2{1-33); 

D3E/S5K(3-{hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/S7K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2( 1 -33); 

D3E/D8K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/E9K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/M1 0K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/N1 1 K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3En'1 2K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/1 1 3K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 4K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/D15K(3-(hexadecanoylamlno)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/N1 6K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-(oclanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K(3-(nonanoylamino)propionyl)/K30R/D33E-GLP-2(1-33): 

D3E/L1 7K(3-(decanoylamlno)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-(undecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-{dodecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-{tridecanoyIamino)propionyl)/K30R/D33E-GLP-2(1 -33); 
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D3E/L1 7K(3-(tetradecanoylamino)propionyl)/K30R/D33E-GLP-2{1 -33); 

D3E/L17K(3-(pentadecanoylamino)propionyl)/K30R/D33E-GLP-2{1-33); 

D3E/L1 7K(3-(hexadecanoylamlno)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K(3-(heptadecanoylamino)proplonyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K(3-(octadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K(3-(nonadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(3-(eicosanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K((S)-4-carboxy-4-(octanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K((S)-4-carboxy-4-(nonanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K((S)-4-carboxy-4-<decanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K((S)-4-carboxy-4-(undecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K((SH-carboxy-4-(dodecanoylamino)butanoyi)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K{(S)-4-carboxy-4-(tridecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K((S)-4-carboxy-4-{tetradecanoylamino)butanoyl )/K30R/D33E-GLP-2(1 -33); 

D3E/L17K((S)-4-carboxy-4-(pentadecanoylamino)butanoyl)/K30R/D33E-GLP-2{1-33); 

D3E/L1 7K{(S)-4-carboxy-4-(hexadecanoylamino)butanoyl)/K30R/D33E-GLP-2( 1 -33); 

D3E/L17K((S)-4-carboxy-4-(heptadecanoylamino)butanoyl)/K30R/D33E-GLP-2<1-33); 

D3eL17K((S)-4-carboxy-4-(octadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K((S)-4-carboxy-4-(nonadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33): 

D3E/L17K((S)-4-carboxy-4-(eicosanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(4-(octanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(nonanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K(4-(decanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(4-(undecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K{4-(dodecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K(4-(tridecanoytamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K(4-(tetradecanoylamino)butanoyl)/K30R;D33E-GLP-2(1-33); 

D3E/L1 7K(4-(pentadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K(4-(hexadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33): 

D3E/L17K(4-(heptadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K(4-(octadecanoylanriino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(4-(nonadecanoylamlno)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(eicosanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/A18K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/D21K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

O3E/N24K(3-(hexadecanoylamino)prDpionyl)/K30R/D33E-GLP-2(1 -33); and 
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D3E/Q28K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33). 

in a further embodiment, the present invention relates to a GLP-2 derivative in which 
the C-temninal amino acid residue is present in the fomn of the amide. 

In a further embodiment, the present invention relates to a GLP-2 derivative having a 
lipophilic substituent which can be negatively charged. In one embodiment the group which can 
be negatively charged is a cartx>xylic add group. 

The parent GLP-2 peptide can be produced by a method which comprises culturing a 
host cell containing a DIMA sequence encoding the GLP-2 peptide and capable of expressing 
the GLP-2 peptide in a suitable nutrient medium under conditions permitting the expression of 
the GLP-2 peptide, after which the resulting GLP-2 peptide is recovered from the culture. 

The medium used to culture the cells may be any conventional medium suitable for 
growing the host cells, such as minimal or complex media containing appropriate supplements. 
Suitable media are available from commercial suppliers or may be prepared according to 
published recipes (e.g. in catalogues of the American Type Culture Collection). The GLP-2 
peptide produced by the cells may then be recovered from the culture medium by conventional 
procedures including separating the host cells from the medium by centrifugation or filtration, 
precipitating the proteinaceous components of ttie supematant or filtrate by means of a salt, e.g. 
ammonium sulphate, purification by a variety of chromatographic procedures, e.g. ion exchange 
chromatography, gelfiltration chromatography, affinity chromatography, or the like, dependent 
on the type of GLP-2 peptide in question. 

The DNA sequence encoding the parent GLP-2 peptide may suitably be of genomic or 
cDNA origin, for instance obtained by preparing a genomic or cDNA library and screening for 
DNA sequences coding for all or part of the GLP-2 peptide by hybridisation using synthetic 
oligonucleotide probes in accordance with standard techniques (see, for example, Sambrook, J, 
Fritsch, EF and Manlatis, T, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, New York, 1989). The DNA sequence encoding the GLP-2 peptide may also 
be prepared synthetically by established standard methods, e.g. the phosphoamidite metiiod 
described by Beaucage and Caoithers, Tetrahedron Letters 22 (1981), 1859 - 1869. or the 
method described by Matthes ef a/., EMBO Journal 3 (1984), 801 - 805. The DNA sequence 
may also be prepared by polymerase chain reaction using specific primers, for instance as 
described in US 4,683.202 or Saiki et aL, Science 239 (1988), 487 - 491 . 

The DNA sequence may be inserted into any vector which may convenientiy be 
subjected to recombinant DNA procedures, and the choice of vector will often depend on the 
host cell into which it is to be introduced. Thus, the vector may be an autonomously replicating 
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vector, I.e. a vector which exists as an extrachromosomal entity, the replication of which Is 
Independent of chromosonfial replication, e.g. a plasmid. Alternatively, the vector may be one 
which, when introduced into a host cell, is Integrated into the host cell genome and replicated 
together with the chnDmosome(s) into which it has been integrated. 

The vector is preferably an expression vector in which the DNA sequence encoding 
the GLP-2 peptide is operably linked to additional segments required for transcription of the 
DNA, such as a promoter. The promoter may be any DNA sequence which shows 
transcriptional activity in the host cell of choice and may be derived from genes encoding 
proteins either homologous or heterologous to the host cell. Examples of suitable promoters for 
directing the transcription of the DNA encoding the GLP-2 peptide of the invention in a variety of 
host cells are well known in the art, cf. for instance Sambrook etaL, supra. 

The DNA sequence encoding the GLP-2 peptide may also, if necessary, be operably 
connected to a suitable terminator, polyadenylation signals, transcriptional enhancer 
sequences, and translational enhancer sequences. The recombinant vector of the invention 
may further comprise a DNA sequence enabling the vector to replicate in the host ceil in 
question. 

The vector may also comprise a selectable marker, e.g. a gene the product of which 
complements a defect in the host cell or one which confers resistance to a dmg, e.g. ampicillin, 
kanamycin, tetracyclin. chloramphenicol, neomycin, hygromycin or methotrexate. 

To direct a parent GLP-2 peptide of the present invention into the secretory pathway of 
the host cells, a secretory signal sequence (also known as a leader sequence, prepro sequence 
or pre sequence) may be provided in the recombinant vector. The secretory signal sequence is 
joined to the DNA sequence encoding the GLP-2 peptide in the correct reading frame. 
Secretory signal sequences are commonly positioned 5' to the DNA sequence encoding the 
GLP-2 peptide. The secretory signal sequence may be that nonmally associated with the GLP-2 
peptide or may be from a gene encoding another secreted protein. 

The procedures used to ligate the DNA sequences coding for the present GLP-2 
peptides, the promoter and optionally the terminator and/or secretory signal sequence, 
respectively, and to insert them into suitable vectors containing the information necessary for 
replication, are well known to persons skilled in the art (cf.. for instance, Sambrook et aL, 
supra). 

The host cell into which the DNA sequence or the recombinant vector is introduced 
may be any cell which is capable of producing the present GLP-2 peptides and includes 
bacteria, yeast, fungi and higher eukaryotic cells. Examples of suitable host cells well known 
and used in the art are, without limitation, E. co//, Saccharomyces cerevisiae, or mammalian 
BHK or CHO cell lines. 
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The GLP-2 derivatives of the invention can be prepared by introducing the lipophilic 
substituent into the parent GLP-2 peptide using methods known per se, see for example WO 
95/07931 , the contents of which is hereby incorporated in its entirety by reference. 

N^-acylation of a Lys residue can be carried out by using an activated amide of the acyl 
group to be introduced as the acylating agent, e.g. the amide with benzotriazole. The acylation 
is carried out in a polar solvent in the presence of a base. 

Phamnaceutical connpositions 

Pharmaceutical compositions containing a GLP-2 derivative according to the present 
invention may be administered parenterally to patients in need of such a treatment. Parenteral 
administration may be perfomned by subcutaneous, intramuscular or intravenous injection by 
means of a syringe, optionally a pen-like syringe. Alternatively, parenteral administration can be 
performed by means of an infusion pump. A further option is a composition which may be a 
powder or a liquid for the administration of the GLP-2 derivative in the fomi of a nasal or 
pulmonal spray. As a still further option, the GLP-2 derivatives of the invention can also be 
administered transdenmally, e.g. from a patch, optionally a iontophoretic patch, or 
transmucosally, e.g. bucally. 

Phannaceutical compositions containing a GLP-2 derivative of the present invention 
may be prepared by conventional techniques, e.g. as described in Reminoton's Pharmaceutical 
Sciences . 1985 or in Remington: The Science and Practice ofPhannacy, edition. 1995. 

Thus, the injectable compositions of the GLP-2 derivative of the invention can be 
prepared using the conventional techniques of the pharmaceutical industry which involves 
dissolving and mixing the ingredients as appropriate to give the desired end product. 

Thus, according to one procedure, the GLP-2 derivative is dissolved in an amount of 
water which is somewhat less than the final volume of the composition to be prepared. An 
isotonic agent, a preservative and a buffer is added as required and the pH value of the solution 
is adjusted - if necessary - using an acid, e.g. hydrochloric acid, or a base, e.g. aqueous sodium 
hydroxide as needed. Finally, the volume of the solution is adjusted with water to give the 
desired concentration of the ingredients. 

Examples of isotonic agents are sodium chloride, mannitol and glycerol. 

Examples of preservatives are phenol, m-cresol, methyl p-hydroxybenzoate and 
benzyl alcohol. 

Examples of suitable buffers are sodium acetate and sodium phosphate. 
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Further to the above-mentioned components, solutions containing a GLP->2 derivative 
according to the present invention may also contain a surfactant in order to improve the 
solubility and/or the stability of the derivative. 

A composition for nasal administration of GLP-2 may, for example, be prepared as 
described in European Patent No. 272097 (to Novo Nordisk A/S) or in WO 93/18785. 

The GLP-2 derivatives of this invention can be used in the treatment of various 
diseases. The particular GLP-2 derivative to be used and the optimal dose level for any patient 
will depend on the disease to be treated and on a variety of factors including the efficacy of the 
specific peptide derivative employed, the age, body weight, physical activity, and diet of the 
patient, on a possible combination with other drugs, and on the severity of the case. It is 
recommended that the dosage of the GLP-2 derivative of this invention be detennined for each 
individual patient by those skilled in the art in a similar way as for known parent GLP-2 peptides. 

The pharmacological properties of the compounds of the invention can be tested e.g. 
as described in our International Patent Application No. PCT/DK97/00086 the contents of which 
is hereby incorporated in its entirety by reference. 

Embodiments: 

1 . A GLP-2 peptide comprising the amino acid sequence of formula I 

His-X2-X3-Gly-X5-Phe-X7-X8-X9-X1 0-X1 1-X1 2-X1 3-X14-X1 5-X1 6-X1 7-X1 8-Ala-Arg-X21- 
Phe-lle-X24-Trp-Leu-lle-X28-Thr-Arg-lle-Thr-X33 (formula I) 

or a fragment thereof; wherein X2 is Ala, Val or Gly; X3 is Asp, or Glu; X5 is Ser, or Lys; X7 
is Ser. or Lys; X8 is Asp. Glu, or Lys; X9 is Asp, Glu. or Lys; X10 is Met, Lys, Leu, He, or Nor- 
Leucine; X1 1 is Asn, or Lys; X12 is Thr, or Lys; X13 is lie, or Lys; X14 is Leu, or Lys; X15 is 
Asp. or Lys; X16 is Asn, or Lys; X17 is Leu, or Lys; X18 is Ala, or Lys; X21 is Asp, or Lys; 
X24 is Asn, or Lys; X28 is Gin, or Lys; X33 is Asp, Glu. or Lys. 

2. The GLP-2 peptide according to embodiment 1, consisting of the amino acid sequence 

His-X2-X3-Gly-X5-Phe-X7-X8-X9-X1 0-X1 1 -XI 2-X1 3-X1 4-X1 5-X1 6-X1 7-X1 8-Ala-X20-X21 - 
Phe-lle-X24-Trp-Leu-lle-X28-Thr-Arg-lle-Thr-X33 
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or a fragment thereof; wherein X2 is Ala, Val or Gly; X3 is Asp, or Glu; X5 is Ser, or Lys; X7 
is Ser, or Lys; X8 is Asp, Glu, or Lys; X9 is Asp, Glu, or Lys; X10 is Met, Lys, Leu, lie, or Nor- 
Leucine; X1 1 is Asn, or Lys; X12 is Thr, or Lys; X13 is lie, or Lys; X14 is Leu, or Lys; X15 is 
Asp, or Lys; X16 is Asn, or Lys; XI 7 is Leu, or Lys; X18 is Ala, or Lys; X20 is Arg, or Lys; 
X21 is Asp, or Lys; X24 is Asn, or Lys; X28 is Gin, or Lys; X33 is Asp, Glu, or Lys. 



3. The GLP-2 peptide according to embodiments 1 or 2, wherein X2 is Ala. 



4. The GLP-2 peptide awarding to embodiments 1 or 2, wherein X2 is Gly. 

5. The GLP-2 peptide according to any of embodiments 1-4, wherein X3 is Asp. 

6. The GLP-2 peptide according to any of embodiments 1-4, wherein X3 is Glu. 

7. The GLP-2 peptide according to any of embodiments 1-6, wherein X5 is Ser. 



8. The GLP-2 peptide according to any of embodiments 1-7, wherein X7 is Ser. 

9. The GLP-2 peptide according to any of embodiments 1-8, wherein X8 is Asp. 

10. The GLP-2 peptide according to any of embodiments 1-8, wherein X8 is Glu. 

1 1 . The GLP-2 peptide according to any of embodiments 1-10, wherein X9 is Asp. 

12. The GLP-2 peptide according to any of embodiments 1-10, wherein X9 is Glu. 

13. The GLP-2 peptide according to any of embodiments 1-12, wherein XI 0 is selected from 
the group consisting of Met, Leu, lie, and Nor-Leucine. 

14. The GLP-2 peptide according to any of embodiments 1-13, wherein X1 1 is Asn. 

15. The GLP-2 peptide according to any of embodiments 1-14, wherein X12 is Thr. 

16. The GLP-2 peptide according to any of embodiments 1-15, wherein XI 3 is lie. 

17. The GLP-2 peptide according to any of embodiments 1-16, wherein X14 is Leu. 
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18. The GLP-2 peptide according to any of embodiments 1-17, wherein XI 5 is Asp. 

19. The GLP-2 peptide according to any of embodiments 1-18, wherein X16 is Asn. 

20. The GLP-2 peptide according to any of embodiments 1-19, wherein XI 7 is Leu. 

21 . The GLP-2 peptide according to any of embodiments 1-20, wherein X18 is AJa. 

22. The GLP-2 peptide according to any of embodiments 1-21, wherein X21 is Asp. 

23. The GLP-2 peptide according to any of embodiments 1-22, wherein X24 is Asn. 

24. The GLP-2 peptide according to any of embodiments 1-23, wherein X28 is Gin. 

25. The GLP-2 peptide according to any of embodiments 1-24. wherein X33 is Asp. 

26. The GLP-2 peptide according to any of embodiments 1-24. wherein X33 is Glu. 

27. The GLP-2 peptide according to any of embodiments 1-26, wherein the amino acid 
independently selected from the list consisting of X5, X7, X8. X9. X10. X1 1 , X12. X13, X14. 
X15, X16. X17. X18. X20. X21. X24, X28. and X33 is Lys. 

28. The GLP-2 peptide according to any of embodiments 1-27, wherein a total of up to 5 
amino acid residues have been exchanged with any a-amino acid residue, such as 4 amino 
acid recidues, 3 amino acid residues, 2 amino acid residues, or 1 amino acid residue. 

29. The GLP-2 peptide according to embodiment 1 , wherein the peptide is selected from the 
list consisting of 

K30R-GLP-2(1-33); 

S5K-GLP-2(1-33); 

S7K-GLP-2(1-33); 

D8K-GLP-2(1-33); 

E9K-GLP-2(1-33); 

M10K-GLP.2(1-33); 



N11K-GLP-2(1-33); 

T12K-GLP-2(1-33); 

ll3K-GLP-2(1-33); 

L14K-GLP-2(1-33); 

D15K-GLP-2(1-33); 

N16K-GLP-2(1-33): 

L17K-GLP-2(1-33); 

A18K-GLP-2(1-33); 

D21K-GLP-2(1-33); 

N24K-GLP-2(1-33); 

Q28K-GLP-2(1-33); 

S5K/K30R-G LP-2( 1 -33): 

S7K/K30R-GLP-2(1 -33): 

D8K/K30R-GLP-2(1 -33); 

E9K/K30R-GLP-2(1-33); 

M 1 0K/K30R-GLP-2(1 -33); 

N 1 1 K/K30R-GLP-2(1 -33): 

T12K/K30R-GLP-2(1-33): 

1 1 3K/K30R-GLP-2(1 -33); 

L14K/K30R-GLP-2(1-33); 

D15K/K30R-GLP-2(1-33); 

N 1 6K/K30R-GLP-2(1 -33); 

L17K/K30R-GLP-2(1-33); 

A1 8K/K30R-GLP-2(1 -33); 

D21 K/K30R-GLP-2(1 -33); 

N24K/K30R-GLP-2( 1 -33); 

Q28K/K30R-GLP-2(1 -33); 

K30R/D33K-GLP-2(1 -33); 

O3E/K30R/D33E-GLP-2(1 -33); 

D3E/S5K/K30R/D33E-GLP-2(1 -33); 

D3E/S7K/K30R/D33E-GLP-2(1 -33); 

D3E/D8K/K30R/D33E-GLP-2(1-33); 

D3E/E9K/K30R/D33E-GLP-2(1-33); 

D3E/M 1 0K/K30R/D33E-GLP-2(1 -33); 

D3E/N1 1K/K30R/D33E-GLP-2(1-33); 

D3E/ri 2K/K30R/D33E-GLP-2(1 -33); 
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D3E/1 1 3K/K30R/D33E-GLP-2{1 -33); 
D3E/L14K/K30R/D33E-GLP-2(1 -33); 
D3E/D1 5K/K30R/D33E-GLP-2{1-33); 
D3E/N16K/K30R/D33E-GLP-2(1-33); 
D3E/L17K/K30R/D33E-GLP-2(1-33); 
D3E/A1 8K/K30R/D33E-GLP-2(1-33); 
D3E/D21K/K30R/D33E-GLP-2(1-33); 
D3E/N24K/K30R/D33E-GLP-2(1-33); and 
D3E/Q28K/K30R/D33E-GLP-2(1 -33). 

30. A polynucleotide construct encoding a GLP-2 peptide according to any of embodiments 
1-29. 

31 . A host cell comprising the polynucleotide construct according to embodiment 30. 

32. The host cell according to embodiment 31, which is a eukaryotic cell 

33. The host cell according to embodiment 32, wherein the cell is a yeast cell. 

34. A GLP-2 derivative comprising a GLP-2 peptide, wherein a lipophilic substituent is 
attached to one or more amino acid residues at a position relative to the amino acid 
sequence of SEQ ID NO:1 independtly selected from the list consisting of S5, S7. D8. E9. 
M10. N11, T12. 113. L14. D15, N16. L17. A18, D21, N24, and Q28 with the proviso that said 
lipophilic substituent is not attached at the N-terminal amino acid residue or the C-terminal 
amino acid residue of said GLP-2 peptide. 

35. The GLP-2 derivative according to embodiment 34, wherein the GLP-2 peptide is 
according to 

formula II 

His-X2-X3-Gly-X5-Phe-X7-X8-X9-X1 0-X1 1 -X1 2-X1 3-X1 4-X1 5-X1 6-X1 7-X1 8-Ala-X20-X21 - 
Phe-lle-X24-Trp-Leu-lle-X28-Thr-X30-lle-Thr-X33 (formula II) 

or a fragment thereof; wherein X2 is Ala. Val or Gly; X3 Is Asp. or Glu; X5 is Ser. or Lys; X7 
is Ser. or Lys; X8 is Asp, Glu. or Lys; X9 is Asp. Glu, or Lys; XI 0 is Met, Lys, Leu, lie, or Nor- 
Leucine; X1 1 is Asn, or Lys; X12 is Thr. or Lys; X13 is lie, or Lys; X14 is Leu, or Lys; XI 5 is 
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Asp, or Lys; X16 is Asn, or Lys; X17 is Leu, or Lys; X18 is Ala, or Lys; X20 is Arg. or Lys; 
X21 is Asp. or Lys; X24 is Asn, or Lys; X28 is Gin, or Lys; X30 is Arg, or Lys; X33 is Asp, 
Glu, or Lys (formula 11). 

36. The GLP-2 derivative according to embodiments 34 or 35, wherein the GLP-2 peptide is 
according to any of embodiments 1-29. 

37. The GLP-2 derivative according to any of embodiments 34-36, wherein only one lipophilic 
substituent is attached to said GLP-2 peptide. 

38. The GLP-2 derivative according to any of embodiments 34-37, wherein said lipophilic 
substituent comprises from 4 to 40 carbon atoms. 

39. The GLP-2 derivative according to embodiment 38, wherein said lipophilic substituent 
comprises from 8 to 25 cartx>n atoms. 

40. The GLP-2 derivative according to embodiment 38, wherein said lipophilic substituent 
comprises from 12 to 20 carbon atoms. 

41. The GLP-2 derivative according to any of embodiments 34-40, wherein said lipophilic 
substituent is attached to an amino acid residue in such a way that a carboxyl group of the 
lipophilic substituent fonms an amide bond with an amino group of the amino acid residue. 

42. The GLP-2 derivative according to embodiment 41. wherein said amino acid residue is a 
Lys residue. 

43. The GLP-2 derivative according to any of embodiments 34-40. wherein said lipophilic 
substituent is attached to an amino acid residue in such a way that an amino group of the 
lipophilic substituent fonms an amide bond with a carboxyl group of the amino acid residue. 

44. The GLP-2 derivative according to any of embodiments 34-43, wherein said lipophilic 
substituent is attached to said GLP-2 peptide by means of a spacer. 

45. The GLP-2 derivative according to embodiment 44, wherein said spacer is an 
unbranched alkane a.Q)-dicarboxylic acid group having from 1 to 7 methylene groups, such 
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as two methylene groups which spacer forms a bridge between an amino group of the GLP-2 
peptide and an amino group of said lipophilic substituent. 

46. The GLP-2 derivative according to embodiment 44, wherein said spacer is an amino acid 
residue except a Cys residue, or a dipeptide. 

47. The GLP-2 derivative according to embodiment 46, wherein said spacer is selected from 
the list consisting of p-alanine, gamma-amlnobutyric acid (GABA), y-glutamic acid, Lys, Asp, 
Glu, a dipeptide containing Asp, a dipeptide containing Glu, or a dipeptide containing Lys. 

48. A GLP-2 derivative according to embodiments 46 or 47, wherein a carboxyl group of the 
parent GLP-2 peptide fonms an amide bond with an amino group of said spacer, and the 
carboxyl group of the amino acid or dipeptide spacer fonns an amide bond with an amino 
group of the lipophilic substituent. 

49. A GLP-2 derivative according to embodiments 46 or 47. wherein an amino group of the 
parent GLP-2 peptide forms an amide bond with a carboxylic group of said spacer, and an 
amino group of said spacer forms an amide bond with a carboxyl group of the lipophilic 
substituent. 

50. A GLP-2 derivative according to any of embodiments 34-49, wherein the lipophilic 
substituent comprises a partially or completely hydrogenated cyclopentanophenathrene 
skeleton. 

51. A GLP-2 derivative according to any of embodiments 34-50, wherein the lipophilic 
substituent is an straight-chain or branched alkyi group. 

52. A GLP-2 derivative according to any of embodiments 34-51. wherein the lipophilic 
substituent is the acyl group of a straight-chain or branched fatty acid. 

53. A GLP-2 derivative according to embodiment 52, wherein the acyl group Is selected from 
the group comprising CH3{CH2)nCO-, wherein n Is 4 to 38, such as CH3(CH2)6CO-, 
CH3(CH2)8CO-. CH3(CH2)ioCO., CH3(CH2)i2CO-, CH3(CH2)i4CO-. CHaCCHa^eCO-, 
CH3(CH2)i8CO-. CH3(CH2)2oCO- and CH3{CH2)22CO-. 
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54. A GLP-2 derivative according to any of embodiments 34-49, wherein the lipophilic 
substituent is an acyl group of a straight-chain or branched alkane a.w-dicarboxylic acid. 

55. A 6LP-2 derivative according to embodiment 59, wherein the acyl group is selected from 
the group comprising HOOC(CiH2)mCO-, wherein m is 4 to 38, such as HOOC(CH2)i4CO-, 
HOOC(CH2),6CO-. HOOC{CH2)i8CO-, HOOC(CH2)2oCO- and HOOC(CH2)22CO-. 

56. A GLP-2 derivative according to any of embodiments 34-49, wherein the lipophilic 
substituent is a group of the formula CH3(CH2)p((CH2)qCOOH)CHNH-CO(CH2)2CO-, wherein 
p and q are integers and p-^-q is an integer of from 8 to 40, such as from 12 to 35. 

57. A GLP-2 derivative according to any of embodiments 34*49. wherein the lipophlic 
substituent is a group of the formula CH3(CH2)rCO-NHCH(COOH)(CH2)2CO-, wherein r is an 
integer of from 1 0 to 24. 

58. A GLP-2 derivative according to any of embodiments 34-49, wherein the lipophilic 
substituent is a group of the formula CH3(CH2)sCO-NHCH({CH2)2COOH)CO-, wherein s is an 
integer of from 8 to 24. 

59. A GLP-2 derivative according to any of embodiments 34-49, wherein the lipophilic 
substituent is a group of the formula COOH(CH2)tCO- wherein t is an integer of from 8 to 24. 

60. A GLP-2 derivative according to any of embodiments 34-49, wherein the lipophilic 
substituent is a group of the formula -NHCH{COOH)(CH2)4NH-CO(CH2)uCH3. wherein u is an 
integer of from 8 to 18. 

61. A GLP-2 derivative according to any of embodiments 34-49, wherein the lipophilic 
substituent is a group of the fonmula -NHCH(COOH)(CH2)4NH-COCH((CH2)2COOH)NH- 
CO(CH2)wCH3, wherein w is an integer of from 10 to 16. 

62. A GLP-2 derivative according to any of embodiments 34-49, wherein the lipophilic 
substituent is a group of the fonmula -NHCH(COOH)(CH2)4NH-CO(CH2)2CH{COOH)NH- 
CO(CH2)xCH3, wherein x is an integer of from 10 to 16. 
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63. A GLP-2 derivative according to any of embodiments 34^9. wherein the lipophilic 
substituent is a group of the formula -NHCH(COOH)(CH2)4NH- 
CO(CH2)2CH(COOH)NHCO(CH2)yCH3, wherein y is zero or an integer of from 1 to 22. 

64. A GLP-2 derivative according to any of embodiments 34-63. which has two lipophilic 
substituents. 

65. A GLP-2 derivative according to any of embodiments 34-64. which is selected from the 
group consisting of 

S5K(3-(hexadecanoylamino)propionyl)'GLP-2(1-33); 

S7K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

D8K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

E9K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

M10K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

N 1 1 K{3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 

T1 2K(3-(hexadecanoylamino)propionyl)-GLP-2{1 -33); 

1 1 3K(3-(hexadecanoylamino)propionyl)-GLP-2{1 -33); 

L14K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

D15K(3-{hexadecanoylamino)propionyl)-GLP-2(1-33); 

N1 6K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 

L1 7K{3-(octanoylamino)propionyl)-GLP-2(1 -33); 

L17K{3-(nonanoylamino)propionyl)-GLP-2(1-33); 

L17K(3-(decanoylamino)propionyl)-GLP-2(1-33); 

L17K(3-(undecanoylamino)proplonyl)-GLP-2(1-33); 

L 1 7K(3-(dodecanoylamino)proplonyl)-GLP-2( 1 -33); 

L17K(3-(tridecanoylamino)proplonyl)-GLP-2(1-33); 

L17K(3-(tetrddecanoylamino)propionyl)-GLP-2(1-33); 

L1 7K(3-(pentadecanoylamino)propionyl)-GLP-2(1 -33); 

L1 7K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 

L1 7K(3-(heptadecanoyldmino)propionyl)-GLP-2(1 -33); 

LI 7K(3-(octadecanoylamino)propionyl)-GLP-2(1 -33); 

L1 7K(3-(nonadecanoylamino)propionyl)-GLP-2(1 -33); 

L17K(3-(eicosanoylamino)propionyl)-GLP-2(1-33); 

L1 7K({S)-4-carboxy-4-(octanoylamino)butanoyl)-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(nonanoylamino)butanoyl)-GLP-2(1 -33); 
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LI 7K((SH-carboxy-4-(decanoylamlno)butanoyl)-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(undecanoylamino)butanoyl)-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(dodecanoylamino)butanoyl)-GLP-2(1 -33); 

LI 7K({S)-4-carboxy-4-(tridecanoyIamino)butanoyl)-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(tetradecanoylamino)butanoyl)-GLP-2(1 -33); 

Ll7K((S)-4-carboxy-4-(pentadecanoylamino)butanoyl)-GLP-2{1-33); 

LI 7K((S)-4-carboxy-4-(hexadecanoyiamino)butanoyl)-GLP-2(1 -33); 

LI 7K((S)^carboxy-4-(heptadecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(octadecanoylaniino)butanoyl)-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(nonadecanoylamino)butanoy1)-GLP-2(1 -33); 

L 1 7K((S)-4-carboxy-4-(eicosanoytamino)butanoyl)-GLP-2(1 -33); 

Ll7K(4-(octanoylamino)butanoyl)-GLP-2{1-33); 

L17K(4-(nonanoylamino)butanoyl)-GLP-2(1-33); 

L17K(4-(decanoylamino)butanoyl)-GLP-2(1-33); 

LI 7K(4-(undecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-(dodecanoylamino)butanoyl)-GLP-2(1 -33); 

L17K(4-{tridecanoylamino)butanoyl)-GLP-2(1-33); 

LI 7K(4-{tetradecanoylamino)butanoyl)-GLP-2(1 -33); 

L17K(4-(pentadecanoylamino)butanoyl)-GLP-2{1-33); 

LI 7K(4-(hexadecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-(heptadecanoylamino)butanoyl)-GLP-2(1 -33); 

LI 7K(4-(octadecanoylamino)butanoyl)-GLP-2(1 -33); 

L17K(4-(nonadecanoylamino)butanoyl)-GLP-2(1-33); 

L17K(4-(eicosanoylamino)butanoyl)-GLP-2{1-33); 

A18K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

D21 K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 

N24K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

Q28K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

S5K(3-(hexadecanoylammo)propionyl)/K30R-GLP-2(1-33); 

S7K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

D8K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

EgK(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

M10K{3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

N11K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

T1 2K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

11 3K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 
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L14K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2<1-33); 

D 1 6K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2( 1 -33); 

N1 6K(3-(hexadecanoylamino)propionyiyK30R-GLP-2(1 -33); 

L1 7K(3-(octanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L17K(3-(nonanoylamino)propionyl)/K30R-GLP-2(1-33); 

L1 7K(3-(decanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L1 7K{3-(undecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L1 7K(3-(dodecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L17K(3-(tridecanoylamino)propionyl)/K30R-GLP-2(1-33); 

L1 7K(3-(tetradecanoylainino)propionyl)/K30R-GLP-2(1 -33); 

L1 7K(3-(pentadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L1 7K(3-(hexadecanoylamino)ptx)pionyl)/K30R-GLP-2(1 -33); 

LI 7K(3-(heptadecanoylamino)propjonyl)/K30R-GLP-2(1 -33); 

L1 7K(3-(octadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L1 7K(3-(nonadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L1 7K(3-(eicosanoylamino)propionyl)/K30R-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(octanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L17K((S)-4-carboxy-4-(nonanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L17K((S)-4-carboxy-4-(decanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L1 7K((S)-4-carboxy-4-(undecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(dodecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(tridecanoylamino)butanoyl)/K30R-GLP-2( 1 -33); 

L17K((S)-4-carboxy-4-(tetradecanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L17K{(S)-4-carboxy-4-(pentadecanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L1 7K({S)-4-carboxy-4-(hexadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(heptadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(octadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(nonadecanoylamlno)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-cart)oxy-4-(eicosanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(octanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(nonanoylamlno)butanoyl)/K30R-GLP-2(1 -33); 

L17K(4-(decanoylamino)butanoyl)/K30R-GLP-2(1-33): 

L1 7K(4-(undecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K(4-(dodecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L17K(4-(tridecanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L17K(4-(tetradecanoylamino)butanoyl)/K30R-GLP-2(1-33); 
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L1 7K(4-(pentadecanoylamino)butanoyl)/K30R-GLP<2(1 -33); 

LI 7K(4-(hexadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L17K(4-(heptadecanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L17K(4-(octadecanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L17K(4-(nonadecanoylamino)butanoyl)/K30R-GLP-2(1-33): 

LI 7K(4-(eicosanoylamino)butanoyr)/K30R-GLP-2(1 -33); 

A1 8K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

D2 1 K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

N24K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

Q28K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

D3E/S5K(3-(hexadecanoylamino)propionyl)^K30R/D33E-GLP-2(1-33); 

D3E/S7K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/D8K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/E9K(3-{hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/M 1 0K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/N11K(3-{hexadGcanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/T1 2K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/l13K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 4K(3-<hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/D1 5K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2{1 -33); 

D3E/N16K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(3-(octanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-(nonanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-(decanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-(undecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-(dodecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-(tridecanoylamino)propionyi)/K30R/D33E-GLP-2(1 -33); 

03E/L1 7K(3-(tetradecanoylamino)propionyl)/K30R/O33E-GLP-2(1 -33); 

D3E/L17K(3-(pentadecanoylamtno)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K(3-(heptadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(3-(octadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-(nonadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(3-(eicosanoylamino)propionyI)/K30R/D33E-GLP-2{1 -33); 

D3E/L17K((S)^-carboxy-4-(octanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K((S)-4-carboxy-4-(nonanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 
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D3E/L1 7K((S)-4-cart)Oxy-4-(decanoyIamlno)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K((S)-4-carboxy-4-(unclecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K({S)-4-carboxy-4-(dodecanoylamino)butanoyl)/K30R/D33E-GLP-2{1-33): 

D3E/L17K((S)-4-carboxy-4-(tridecanoylamino)butanoyl)/K30R/D33E>GLP-2(1-33); 

D3E/L17K((SH-carboxy-4-(tetradecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K((S)-4-carboxy-4-(pentadecanoylamino)butanoyl)/K30R/033E-GLP-2(1 -33); 

D3E/L17K((S)-4-carboxy-4-(hexadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33): 

D3E/L17K((SH-carboxy-4-(heptadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33): 

D3E/L1 7K((S)-4-carboxy-4-(octadecanoylaniino)butanoyl)/K30R/033E-GLP-2(1 -33); 

D3E/L1 7K((S)-4-carboxy-4-(nonadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K((S)-4-carboxy-4-{eicosanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(4-(octanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(nonanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(decanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(undecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(dodecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(tridecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(tetradecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-{pentadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(hexadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(heptadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(octadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(nonadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K(4-(eicosanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/A18K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/021 K(3-<hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/N24K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); and 

D3E/Q28K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33). 

66. A pharmaceutical composition comprising a GLP-2 derivative comprising a GLP-2 
peptide, wherein a lipophilic substituent is attached to one or more amino acid residues at a 
position relative to the amino add sequence of SEQ ID NO:1 selected from the list consisting 
of S5. S7. D8. E9, M10. N11, T12. 113, L14. D15. N16. L17, A18, D21, N24. and Q28 with 
the proviso that said lipophilic sut}stituent is not attached at the N-terminal amino acid 
residue or the C-terminal amino acid residue of said GLP-2 peptide. 
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67. A pharmaceutical composition comprising a GLP*2 derivative as defined In any of 
embodiments 34-65, and, optionally, a pharmaceutically acceptable canier. 

68. Use of a GLP-2 derivative as defined in any of embodiments 34-65 for the preparation of 
a medicament. 

69. Use of a GLP-2 derivative as defined in any of embodiments 34-65 for the preparation of 
a medicament with protracted effect. 

70. Use of a GLP-2 derivative as defined in any of embodiments 34-65 for the preparation of 
a medicament for the treatment of instestinai failure or other condition leading to 
malabsorption of nutrients In the Intestine. 

71 . Use of a GLP-2 derivative as defined in any of embodiments 34-65 for the preparation of 
a medicament for the treatment of small bowel syndrome. Inflammatory bowel syndrome, 
Crohns disease, colitis including collagen colitis, radiation colitis, post radiation atrophy, non- 
tropical (gluten intolerance) and tropical sprue, damaged tissue after vascular obstruction or 
trauma, tourist diarrhea, dehydration, bacteremia, sepsis, anorexia nervosa, damaged tissue 
after chemotherapy, premature infants, schleroderma, gastritis including atrophic gastritis, 
postantrectomy atrophic gastritis and helicobacter pylori gastritis, ulcers, enteritis, cul-de-sac, 
lymphatic obstruction, vascular disease and graft-versus-host, healing after surgical 
procedures, post radiation atrophy and chemotherapy, and osteoporosis. 

72. A method for the treatment of instestinai failure or other condition leading to 
malabsorption of nutrients in the Intestine, the method comprising administering a 
therapeutically or prophylactically effective amount of a GLP-2 derivative as defined in any of 
embodiments 34-65; to a subject in need thereof. 

73. A method for the treatment of small bowel syndrome. Inflammatory bowel syndrome, 
Crohns disease, colitis including collagen colitis, radiation colitis, post radiation atrophy, non- 
tropical (gluten intolerance) and tropical sprue, damaged tissue after vascular obstruction or 
trauma, tourist diarrhea, dehydration, bacteremia, sepsis, anorexia nervosa, damaged tissue 
after chemotherapy, premature infants, schleroderma. gastritis including atrophic gastritis, 
postantrectomy atrophic gastritis and helicobacter pylori gastritis, ulcers, enteritis, cul-de-sac, 
lymphatic obstruction, vascular disease and graft-versus-host, healing after surgical 
procedures, post radiation atrophy and chemotherapy, and osteoporosis, the method 
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comprising administering a therapeutically or prophylactically effective amount of a GLP-2 
derivative as defined in any of embodiments 34-65; to a subject in need thereof. 

74. A method for producing the GLP-2 peptide defined in any of embodiments 1-29, the 
method comprising cultivating a host cell as defined in any one of embodiments 31-33 in an 
appropriate growth medium under conditions allowing expression of the polynucleotide 
construct and recovering the resulting peptide from the culture medium. 

In the present context the three-letter or one-letter indications of the amino acids have 
been used in their conventional meaning as indicated in table 1. Unless indicated explicitly, the 
amino acids mentioned herein are L-amino adds. Further, the left and right ends of an amino 
acid sequence of a peptide are, respectively, the N- and C-termini unless otherwise 
specified. 



Table 1: Abbreviations for amino acids: 



Amino acid 


1 Tree-letter code 


1 One-letter code 


Glycine 


Gly 


G 


Proline 


Pro 


P 


Alanine 


Ala 


A 


Vatine 


Val 


V 


Leucine 


Leu 


L 


Isoleucine 


lie 


1 


Methionine 


Met 


M 


Cysteine 


Cys 


C 


Phenylalanine 


Phe 


F 


Tyrosine 


Tyr 


Y 


Tryptophan 


Trp 


W 


Histidine 


His 


H 


Lysine 


Lys 


K 


Arginine 


Arg 


R 


Glutamine 


Gin 


Q 


Asparagine 


Asn 


N 


Glutamic Acid 


Glu 


E 


Aspartic Acid 


Asp 


D 


Serine 


Ser 


S 


Threonine 


Thr 


T 



The present invention is further illustrated by the following examples which, however, 
are not to be construed as limiting the scope of protection. The features disclosed in the 
foregoing description and in the following examples may, both separately and in any 
combination thereof, be material for realising the invention in diverse forms thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 The amino acid sequence of the 33 residues human GLP-2. The N-terminal l-lls-Ala 
indicates the sequence cleaved of aminopeptidase dipeptidyl peptidase IV during metabolism 
of GLP-2. The Arg20 and Lys30 residues are the two basic amino acid residues in GLP-2. 

Fig. 2 Tissue-specific processing of proglugacon in pancreas and intestine. 

Fig. 3 Sequence alignment of the highly consen/ed GLP-2 peptide. Amino acid residues in 
bold represent those that differ from the human GLP-2 sequence. 

Fig. 4 Quantification of GLP-2R RNA distribution in various rat tissue. 

Fig. 5 L17K/K30R-GLP-2 (1-33) acylated with p-alanine C16. 

Fig. 6 Examples with chemical structure of the use of different spacers according to the 
invention with the lipophilic substituent being a hexadecanoyL 

Fig. 7 S.cerevisiae plasmid for the expression and secretion of GLP-2 peptide analogs. 

Fig. 8. Bioassay in mice. Dose-Response study of GLP-2 derivatives. Obsen/ed data points 
(Means ± SD) and fitted curves of relative small intestinal weight data. 

Fig. 9. Bioassay in mice. Dose-Response study of GLP-2 derivatives. Residuals of relative 
small intestinal weight data. 

Fig. 10. Bioassay in mice. Dose-Response study of GLP-2 derivatives. Observed data points 
(Means ± SD) and fitted curves of small intestinal weight data. 

Fig. 11. Bioassay in mice. Dose-Response study of GLP-2 derivatives. Residuals of small 
intestinal weight data. 

EXAMPLES 

The following abbreviations are used: 

DDE: 1-(4,4-dimethyl-2,6-dioxocyclohex-1 -ylidene)ethyl. 
DIG: N,N'-diisopropylcarbodiimide. 
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DIEA: diisopropylethylamine. 

HBTU: 2-(1 H-Benzotriazole-1-yl)-1 . 1 ,3,3-tetramethyIuronium hexafluoro phosphate. 

HOAt: N-hydroxy-9-azabenzotriazole. 

TNBS: 2,4,6 trinitro benzenesulfonic acid. 

DMF: N.N-Dimethylformamide. 

DCC: N,N-Dicydohexylcarbodiimide. 

NMP: N-Methyl-2-pyrrolidone. 

EDPA: N*Ethyl-N.N-diisopropylamine. 

EGTA: Ethylene glycol-bis(p-aminoethyl ether)-N,N,N',N'-tetraacetic acid. 
GTP: Guanosine 5 -triphosphate. 
TFA: Trifluoroacetic add. 
THF: Tetrahydrofuran. 

H-Glu(OH)-OBu': L-Glutamic acid a-tert-butyl ester. 
Cap-ONSu: Octanoic add 2,5-dioxopyrro!idin-1-yl ester. 
Lau-ONSu: Dodecanolc add 2,5-dloxopyrrolidin-1-yl ester. 
Myr-ONSu: Tetradecanoic acid 2,5-dioxopyrrolidin-1-yl ester. 
Pal-ONSu: Hexadecanoic acid 2,5-dioxopyrrolidin-1 -yl ester. 
Ste-ONSu: Octadecanoic add 2,5-dioxopyrrolidin-1-yl ester. 
HPLC: High Performance Liquid Chromatography, 
amu: atomic mass units. 

Lit-Glu(ONSu)-OBu*: N^'-Lithochoyl-L-glutamic acid a-t-butyl ester y-2,5-dioxopyrrolidin-1-yl 
ester. 

Cap-Glu(ONSu)-OBu*: N^-Octanoyl-L-glutamic acid a-t-butyl ester y-2,5-dioxopyrrolidin-1- 
yl ester. 

Cac-Glu(ONSu)-OBu*: N^'-Decanoyl-L-glutamic acid a-t-butyl ester Y-2,5-dioxopyrrolidin-1 - 
yl ester. 

Lau-Glu(ONSu}-OBu*: N°^-Dodecanoyl-L-glutamic acid a-t-butyl ester y-2.5- 
dioxopyrrolidin-1-yl ester. 

IVIyr-Glu(ONSu)-OBu*: N'^-Tetradecanoyl-L-glutamic add a-t-butyl ester y-2,5- 
dioxopyrrolidin-1-yl ester. 

Pal-Glu(ONSu)-OBu^ : N''-Hexadecanoyl-(L)-glutamic acid a-t-butyl-y-2.5- 
dioxopyrrolidin-1-yl diester. 

Ste-Glu(ONSu)-OBu* : N°^'Octadecanoyl-(L)-glutamic add a-t-butyl-y-2.5- 
dioxopyrrolidin-1-yl diester. 

Lau-^AIa-ONSu: N^-Dodecanoyl-p-alanine 2,5-dioxopyrrolidin-1-yl ester. 
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Myr-p-Ala- ONSu: N^- Tetradecanoyl-p-alanine 2,5-dioxopyrrolidin-1-yl ester 
Pal-p-Ala-ONSu: N^-Hexadecanoyl-p-alanine 2,5-dioxopyrrolidin-1-yl ester. 
Lau-GABA-ONSu: N^-Dodecanoyl^-aminobutyric add 2,5-dioxopyrrolidin-1 -yl ester. 
Myr-GABA-ONSu: N^-Tetradecanoyl-y-aminobutyric acid 2,5-dioxopyrrolidin'1-yl ester. 
Pal-GABA-ONSu: N^-Hexadecanoyl-y-aminobutyric acid 2,5-dioxopyrrolidin-1-yl ester . 
Ste-GABA-ONSu: N^-Octadecanoyl-Y-aminobutyric acid 2,5-dioxopyrrolidin-1-yl ester. 
Pal-lsonip-ONSu: N-Hexadecanoyl-piperidine-4-carboxylic acid 2.5-dioxopyrrolidin-1-yl ester. 
Pal-Glu(OBuVONSu: N'^-Hexadecanoyl-L-glutamic acid a-2.5-dioxopyrrolidin-1-yl ester y-t- 
butyl ester. 

HOOC-(CH2)6-COONSu: co-Carboxyheptanoic acid 2,5-dioxopyrrolidln-1-yl ester. 
HOOC-(CH2)io-COONSu: co-Carboxyundecanoic acid 2,5-dioxopyrrolidin-1-yl ester. 
HOOC-{CH2)i2-COONSu: o)-Carboxytridecanoic acid 2,5-dioxopyrrolidin-1-yl ester. 
HOOC-{CH2)i4-COONSu: ov-Carboxypentadecanoic acid 2,5-dioxopyrrolidin-1-yl ester. 
HOOC-(CH2)i8-COONSu: o-Carboxyheptadecanoic acid 2,5-dioxopyrrolidin-1-yl ester. 
HOOC-(CH2)i8-COONSu: co-Carboxynonadecanoic acid 2,5-dioxopyrrolidin-l-yl ester. 

Example 1 

Preparation of derivatives of GLP-2 peptide analogs by peptide synthesis. 

The acyiation is done on the fully protected resin-bound peptide where only the e- 
amino group to be acylated has been deprotected. The appropriately protected resin bound 
peptide is synthesized using Fmoc chemistry, eg.: 

i Boc-[1-33.Lys(Dde)]-Resin 

I 2%Hydrazine/DMF treatment to remove the Dde group. 

i Acyiation with Fmoc-Glu(y-OH)-OBu^ via HOAt / DIG / DIEA / NMP. 

i Piperidine treatment to remove the Fmoc group. 

i Acylate with 016 acid via HOAt / DIG / DIEA / NMP. 

I TFA deprotection. 

I HPLC-Purification 

I Lyophilization 

i Analysis by LC-MS and analytical HPLC. 

The spacer and fatty acid chain length may then be varied. Keeping the acyiation 
position fixed, three spacers: y-Glutamic acid, y-aminobutyric acid. p-Alanine and no spacer. 
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and three fatty acids (C12, C14 and C16) as well as cholic, lithocholic, and pentylbenzoic 
acids were tested. 

Synthesis of protected peptidyl resin: 

Protected amino acid derivatives used: 

Fmoc-Ala-OH. Fmoc-Arg(Pnric)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Asp(OBut)-OH, Boc-HisCBoc)- 
OH, Fmoc-His(Trt)-OH, Fmoc-Gin(Trt)-OH. Fmoc-Glu(OBut)-OH, Fmoc-Gly-OH. Fmoc-lle- 
OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH, Fmoc-Lys(Dde)-OH, Boc-Lys(Fmoc)-OH, Fmoo- 
Met-OH, Fmoc-Phe-OH, Fmoc-Ser(But)-OH. Fmoc-Thr(But)-OH, Fmoc-Trp(Boc)-OH 

Syntliesis of N''-hexadecanoyl-Glu(ONSu)-OBu^ 

To a suspension of H-Glu(OH)-OBu^(4.2 g, 20.6 mmol), DMF (500 ml) and EDPA (2.65 g, 
20.6 mmol) was added drop by drop a solution of Pal-ONSu (7.3 g, 20.6 mmol) in DMF (100 
ml). The reaction mixture was stirred for 64 h at room temperature and then concentrated in 
vacuo to a total volume of 20 ml. The residue was partitioned between 10% aqueous citric 
acid (300 ml) and ethyl acetate (250 ml), and the phases were separated. The organic phase 
was concentrated in vacuo.and the residue dissolved in DMF (50 ml). The resulting solution 
was added drop by drop to a 10% aqueous solution of citric acid (500 ml) kept at 0 **C. The 
precipitated compound was collected and washed with iced water and dried in a vacuum 
drying oven. The dried compound was dissolved in DMF (45 ml) and HONSu (2.15 g. 18.7 
mmol) was added. To the resulting mixture was added a solution of N,N'- 
dlcyclohexytcarbodiimtde (3.5 g, 17 mmol) in dichloromethane (67 ml). The reaction mixture 
was stirred for 16 h at room temperature, and the precipitated compound was filtered off. The 
precipitate was recrystalllsed from n-heptane/2-propanol to give the title compound (6,6 g. 
72%). 

Example 2 

Synthesis of D3E/L1 7K((S)-4-cart)oxy-4-(hexadecanoylamino)butanoyl)/K30R/D33E-GLP- 
2(1-33). 

2.a Synthesis of the protected peptidyl resin: 

The protected peptidyl resin was synthesized according to the Fmoc strategy on an Applied 
Biosystems 431 A peptide synthesizer in 0.25 mmol scale using the manufacturer supplied 
FastMoc UV protocols which employ HBTU ( 2-(1H-Benzotriazol-1-yl-)-1, 1,3,3 
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tetramethyluronium hexafluorophosphate) mediated couplings in NMP (N-methyl 
pyrrolidone), and UV monitoring of the deprotection of the Fmoc protection group. The 
starting resin (400mg} used for the synthesis was (4-((2\ 4'-dimethoxyphenyl)-(Fmoc- 
Glu(OBut)-0-p-Benzyloxybenzyl resin (Wang resin) (Novabiochem, Bad Soden, Germany, 
cat. #: 04-12-2052) with a substitution capacity of 0.53 mmol / g. 

The protected aminoacid derivatives used were Fmoc-Ala-OH. Fmoc-Arg(Pmc)-OH, Fmoc- 
Asn(Trt)-OH, Fmoc-Asp(OBut)-OH. Boc-His(BocK)H, Fmoc-Gln(Trt)-OH. Fmoc-Glu(OBut)- 
OH, Fmoc-Gly-OH, Fmoc-lle-OH, Fmoc-Leu-OH, Fmoc-Lys(DDE)-OH, Fmoc-Met-OH, Fmoc- 
Phe-OH. Fmoc-Ser(But)-OH, Fmoc-Thr(But)-OH, Fmoc-Trp(Boc)-OH. 
The yield was 870mg peptidyl resin. 
2.b Dde removal and acylatlon 

To the protected peptidyl resin resulting from (1.a) (290mg, 72Mmol) is added NMP (N-Methyl 
pynrolidon)(2ml). and a freshly prepared solution of hydrazine hydrate 2% in NMP (10ml). 
The reaction mixture is stirred for 3min at room temperature, and then filtered (glas filter). 
More hydrazine solution (22ml) is added on the filter, the hydrazine is left to react for 15mn 
on the filter, and then filtered off by applying vacuum. 
The resin is then washed extensively with NMP. dichloromethane and NMP. 
To the Dde deprotected resin in NMP (« 5ml), is added N-Cie-Glu-a-OtBu-y-ONSu (N**- 
hexadecanoyl-L-glutamic acid a-tert-butyl ester y-succinimidyl ester) (4eq), and DIEA 
(diisopropylethylamine)(4 eq). The reaction mixture is stinted for 1h at room temperature. 
Then more N-Cie-Glu-a-OtBu-y-ONSu (4eq) is added, together with DIEA (4 eq). The 
reaction mixture is stirred ovemlght at room temperature. The reaction mixture is filtered and 
the resin is washed extensively with NMP, dichloromethane, 2-propanol, methanol and 
diethyl ether. 

2.C Cleavage of the acylated peptide from the resin: 

The peptide is cleaved from the protected peptidyl resin by stirring with a mixture of TFA 
(trifluoro acetic acid) (2 ml), triisopropylsilane (50 i^l) and water (50 ^1) for 60 min at room 
temperature. The cleavage mixture is filtered and the filtrate is concentrated to approximately 
1 ml by a stream of nitrogen. The crude peptide is precipitated from this oil with diethyl ether 
(49.5 ml), washed 3 times with diethyl ether (3 times 50 mi) and dried to a white powder. 
2.d Purification of the peptide: 

The crude peptide is dissolved In water/aoetonitrile (65:35) (100ml) adjusted to pH 7.5 with 
NH4OH and purified by semipreparative HPLC on a 25 mm x 250 mm column packed with 7p 
C-18 silica. The column is eluted with a gradient of 50 to 70% acetonitrile against 0.1% 
TF A/water at 10 ml/min at a temperature of 40^*0 for 47mn. The peptide containing fractions 
are collected, diluted with 3 volumes of water and lyophilized. 
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The final product obtained is characterized by RP-HPLC / ion spray mass spectrometry (LC- 
MS) (retention time and molecular mass) and by analytical RP-HPLC (retention time and 
peptide amount). The peptide amount is calculated by comparing the UV detector response 
with that of a GLP-2 standard where the amount had been determined by amino acid 
analysis.The RP-HPLC analysis is perfomned on a Vydac 218TP54 4.6mm x 250mm 5^ C-18 
silica column (The Separations Group, Hesperia) with UV detection at 214 nm . The column 
is equilibrated with 0.1% TFA / H2O and eluted by a gradient of 0 to 90% CH3CN against 
0.1%TFA/water for 50 min at 42 ^C, wi.th a flow of 0.5ml/mn. The retention time is found to 
be 35.8min, and the peptide yield to be 29.3mg. 

The LC-MS analysis is performed using a Symmetry 3.0 mm x 150 mm 5^ C-18 silica 
column (Waters, Milford MA., USA) which is eluted at 1 ml/min at room temperature. It is 
equilibrated with 5 % CH3CN / 0.1% TFA / H2O and eluted by a gradient of 5% CH3CN / 0.1% 
TFA / H2O to 90% CH3CN / 0.1% TFA / H2O during 15 min. Besides the UV detection at 
214nm, a fraction of the column eluate is introduced into the ionspray interface of a PE-Sciex 
AP1 100 mass spectrometer. The mass range 300 - 3000 amu is scanned every 2 seconds 
during the run. 

Using these conditions, the retention time of the product as detenmined from the UV trace is 
found to be 6.1 min. and the molecular mass is found to be 4204.4 amu, which is in 
agreement with the expected structure within the experimental error of the method (± 1 amu). 

Example 3 

Synthesis of D3E/K30R/D33E/34K((S)-4-carboxy-4-(hexadecanoylamino)butanoyl)-GLP-2(1 - 
33) (Lys residue added in C-terminal), 

The starting resin used for the synthesis was Fmoc-Lys(Dde)-2CI-Trityl resin, prepared from 
Fmoc-Lys(Dde)-OH and 2-CI-Trityl chloride resin (Novabiochem. Bad Soden, Germany, cat. 
#: 01-64-01 14) after the procedure described by the manufacturer (substitution capacity of 
1.13 mmol/g). 

The protected peptidyl resin (200mg. BSpmol) was synthesized according to the Fmoc 
strategy as in example (2.a), Dde deprotected and acylated with N-Ci6-Glu-a-OtBu-y-ONSu 
(N°-hexadecanoyl-L-glutamic acid a-tert-butyl ester y-succinimidyl ester) as described in 
(2.b). Cleavage from the resin and purification were done according to (2.c and 2.d). 
The retention time obtained under the elution conditions described in (2.d) was 36.7min, and 
the peptide yield was 1.3mg. 
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By LC-MS analysis of the product, a retention time of 6.6mln was found from the UV trace, 
and the molecular mass was found to be 4319.4 amu, which is in agreement with the 
expected structure within the experimental error of the method (± 1 amu). 

Example 4 

Synthesis of D3E/L17K(4-(hexadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33). 
The protected peptidyl resin (200mg, 21pmol) was synthesized according to the Fmoc 
strategy as in example (2.a), Dde deprotected and acylated with Cie-GABA-ONSu (N- 
hexadecanoyl^-amino-butyric acid succinimidyl ester) as described in (2.b) for acylation with 
N-Ci6-Glu-a-OtBu-y-ONSu. Cleavage from the resin and purification were done according to 
{2.C and 2.d). 

Cleavage from the resin and purification were done according to example (2.c) and (2.d). 
The retention time obtained under the elution conditions described in (2.d) was 36.5mln, and 
the peptide yield was 1.9mg. 

By LC-MS analysis of the product, a retention time of 4.9min was found from the UV trace, 
and the molecular mass was found to be 4161,0 amu, which is in agreement with the 
expected structure within the experimental error of the method (± 1 amu). 

Example 5 

Synthesis of D3E/L17K(3-(hexadecanoylamino)propionyl)K30R/D33E-GLP-2(1-33). 
The protected peptidyl resin (200mg, 2lMmol) was synthesized according to the Fmoc 
strategy as in example (2.a), Dde deprotected and acylated with Cie-oyl-p-Ala-ONSu (N- 
hexadecanoyl-p-alanine-succinimidyl ester) as described in (2.b) for acylation with N-Cie-Glu- 
a-OtBu-y-ONSu. Cleavage from the resin and purification were done according to (2.c and 
2.d). 

Cleavage from the resin and purification were done according to (2.c and 2.d). 

The retention time obtained under the elution conditions described in (2.d) was 36.0min, and 

the peptide yield was 2.8mg. 

By LC-MS analysis of the product, a retention time of 4.7min was found from the UV trace, 
and the molecular mass was found to be 4146.6 amu, which is in agreement with the 
expected structure within the experimental error of the method (± 1 amu). 



Example 6 
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Synthesis of D3E/L17K(hexadecanoyl)/K30R/D33E-GLP-2(1-33). 

The protected peptidyl resin (200mg, 21pmol) was synthesized acxx)rding to the Fmoc 

strategy as In example (2.a). Dde deprotected and acylated with Cie-oyl-ONSu 

(hexadecanoic acid succinimldyl ester) as described in (2.b) for acylation with N-Cie-Glu-a- 

OtBu-y-ONSu. 

Cleavage from the resin and purification were done according to (2.c and 2.d). 

The retention time obtained under the elution conditions described in (2.d) was 36.9min, and 

the peptide yield was 2.6mg. 

By LC-MS analysis of the product, a retention time of 5.1min was found from the UV trace, 
and the molecular mass was found to be 4076.4 amu, which is in agreement with the 
expected structure within the experimental error of the method (± 1 amu). 

Example 7 

Synthesis of D3E/L17K(choloyl)/K30R/D33E-GLP-2(1-33). 

The protected peptidyl resin (250mg, 27|jmol) was synthesized as in example (2.a). The Dde 
protective group is removed as in example (2.b). 

To a mixture of cholic acid (817mg). HOAt (N-hydroxy-9-azabenzotriazole) (135mg) and DIG 
(N.N -diisopropylcarbodiimide ) ( 155|jl) is added a mixture of NMP and dichloromethane (1:1 
v/v) (4ml). The reaction mixture is stirred at ambient temperature for 15min. The peptidyl 
resin is then added, together with DIEA (diisopropylethylamine ) (170mI). The reaction 
mixture is stirred overnight at ambient temperature. The resin is then filtered, washed 
thoroughly with NMP, and then with dichloromethane, 2-propanol. methanol and diethylether. 
Cleavage from the resin and purification were done according to (2.c and 2.d). 
The retention time obtained under the elution conditions described In (2.d) was 30.0min, and 
the peptide yield was 2.2mg. 

By LC-MS analysis of the product, a retention time of 4.2min was found from the UV trace, 
and the molecular mass was found to be 4228.2 amu, which is in agreement with the 
expected structure within the experimental error of the method (± 1 amu). 

Example 8 

Synthesis of 1 H((S)-4-carboxy-4-(hexadecanoylamino)butanoyl)/D3E/K30R/D33E-GLP-2(1- 
33). 

8.a Synthesis of the protected peptidyl resin: 
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The protected peptidyl resin was synthesized accx^rding to the Fmoc strategy on an Applied 
Biosystems 431 A peptide synthesizer in 0.25 mmol scale using the manufacturer supplied 
FastMoc UV protocols which employ HBTU ( 2-(1H-Benzotriazol-1-yl-)-1, 1,3,3 
tetramethyluronium hexafluorophosphate) mediated couplings in NMP (N*methyl 
pyrrolidone), and UV monitoring of the deprotection of the Fmoc protection group. The 
starting resin (454mg, 0.25mmoles) used for the synthesis was (4-{(2'. 4'-dimethoxyphenyl)- 
(Fmoc-Glu(OBut)-0-p-Benzyloxybenzyl resin (Wang resin) (Novabiochem, Bad Soden, 
Germany, cat. #: 04-12-2052) with a substitution capacity of 0.55 mmol / g. 
The protected aminoacid derivatives used were Fmoc-Ala-OH, Fmoc-Arg(Pmc)-OH, Fmoc- 
Asn(Trt)-OH, Fmoc-Asp(OBut)-OH, Fmoc-His(Trt)-OH. Fmoc-Gln(Trt)-OH, Fmoc-Glu(OBut)- 
OH, Fmoc-Gly-OH, Fmoc-lle-OH, Fmoc-Leu-OH, Fmoc-Met-OH, Fmoc-Phe-OH, Fmoc- 
Ser{But)-OH, Fmoc-Thr(But)-OH. Fmoc-Trp(Boc)-OH. 
The yield was 1707mg peptidyi resin. 

8. b Acylation 

To the peptidyl resin (200mg, 29|jmoles) in NMP 5ml), is added N-Cie-Glu-a-OtBu-y-ONSu 
(N^'-hexadecanoyl-L-glutamic acid a-tert-butyl ester y-succinimidyl ester) (4eq), and DIEA 
(diisopropylethylamine)(4 eq). The reaction mixture is stirred for 1h at room temperature. 
Then more N-Cie-Glu-a-OtBu-y-ONSu (4eq) is added, together with DIEA (4 eq). The 
reaction mixture is stirred overnight at room temperature. The reaction mixture is filtered and 
the resin is washed extensively with NMP, dichloromethane, 2-propanol, methanol and 
diethyl ether. 

Cleavage from the resin and purification were done according to {2.c and 2.d). 

The retention time obtained under the elution conditions described in (2.d) was 37.0min, and 

the peptide yield was 6.0mg, 

By LC-MS analysis of the product, a retention time of 6.5min was found from the UV trace, 
and the molecular mass was found to be 4189.8 amu. which is in agreement with the 
expected structure within the experimental error of the method (± 1 amu). 

Example 9 

Synthesis of HI K-NM(S)-4-carboxy-4-(hexadecanoylamino)butanoyl)/D3E/K30R/D33E-GLP- 
2(1-33). 

9. a Synthesis of the protected peptidyl resin: 

The protected peptidyl resin was synthesized according to the Fmoc strategy on an Applied 
Biosystems 431 A peptide synthesizer in 0.25 mmol scale using the manufacturer supplied 
FastMoc UV protocols which employ HBTU ( 2-(1H-BenzotriazoH-yl')-1, 1.3,3 
tetramethyluronium hexafluorophosphate) mediated couplings in NMP (N-methyl 
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pyrrolidone), and UV monitoring of the deprotection of the Fmoc protection group. The 
starting resin (434mg, 0.24mmoles) used for the synthesis was (4-((2', 4'-<llmethoxyphenyl)- 
(Fmoc-Qlu(OBut)-O-p-Benzyloxybenzyl resin (Wang resin) (Novabiochem, Bad Soden, 
Germany, cat. #: 04>1 2-2052) with a substitution capacity of 0.55 mmol / g. 
The protected aminoacid derivatives used were Fmoc-Ala-OH, Fmoc-Arg(Pmc)-OH, Fmoc- 
Asn(Trt)-OH, Fmoc-Asp(OBut)-OH. Fmoc-His(Trt)-OH. Fmoc-Gln(Trt)-OH, Fmoc-Glu(OBut)- 
OH, Fmoc-Gly-OH. Fmoc-lle-OH, Fmoc-Leu-OH, Boc-Lys(Fmoc)-OH, Fmoc-iy/Tet-OH. Fmoc- 
Phe-OH, Fmoc-Ser(But)-OH. Fmoc-Thr{But)-OH, Fmoc-Trp(Boc)-OH. 
The yield was 1551mg peptidyl resin. 

9. b Acylation 

To the peptidyl resin (200mg, aipmoles) in NMP 5ml), is added N-Ci6-Glu-a-OtBu-y-ONSu 
(N*^-hexadecanoyl-L-glutamic acid a-tert-butyl ester y-succinimidyl ester) (4eq), and DIEA 
(diisopropylethylamine)(4 eq). The reaction mixture is stirred for 1h at room temperature. 
Then more N-Cie-Glu-a-OtBu-y-ONSu {4eq) is added, together with DIEA (4 eq). The 
reaction mixture is stirred overnight at room temperature. The reaction mixture is filtered and 
the resin is washed extensively with NMP, dichloromethane, 2-propdnol, methanol and 
diethyl ether. 

Cleavage from the resin and purification were done according to {2.c and 2.d). 

The retention time obtained under the elution conditions described in (2.d) was 36.8min. and 

the peptide yield was 4.4mg. 

By LC-MS analysis of the product, a retention time of 6.4min was found from the UV trace, 
and the molecular mass was found to be 4180.2 amu, which is in agreement with the 
expected structure within the experimental error of the method (± 1 amu). 

Example 10 

Synthesis of H1 K-N*-((S)-4-carboxy-4-(hexadecanoylamino)butanoyl)/D3E/K30R/D33E-GLP- 
2(1-33), 

10. a Synthesis of the protected peptidyl resin: 

The protected peptidyl resin was synthesized according to the Fmoc strategy on an Applied 
Biosystems 431 A peptide synthesizer in 0.25 mmol scale using the manufacturer supplied 
FastMoc UV protocols which employ HBTU ( 2-{1H-BenzotriazoH-yl-).1, 1,3,3 
tetramethyluronium hexafluorophosphate) mediated couplings in NMP (N-methyl 
pyrrolidone), and UV monitoring of the deprotection of the Fmoc protection group. The 
starting resin (455mg, 0.25mmoles) used for the synthesis was (4-((2\ 4'-dimethoxyphenyl)- 
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(Fmoc-Glu(OBut)-O-p-Benzyloxybenzyl resin (Wang resin) (Novabiochem, Bad Soden, 
Genmany. cat. #: 04-12-2052) with a substitution capacity of 0.55 mmol / g. 
The protected anninoacid derivatives used were Fmoc-Ala-OH, Fmoc-Arg(Pnnc)-OH, Fmoc- 
Asn{Trt)-OH, Fmoc-Asp(OBut)-OH, Fmoc-His(Trt)-OH. Fnfioc-Gln(Trt)-OH, Fmoc-Glu(OBut)- 
OH, Fmoc-Gly-OH, Fmoc-lle-OH, Fmoc-Leu-OH, Fmoc-Lys(Dde)-OH, Fmoc-Met-OH, Fmoc- 
Phe-OH, FnrK>c-Ser(But)-OH, Fmoc-Thr(But)-OH, Fmoc-Trp(Boc)-OH. 
The yield was 1167mg peptidyl resin. 
lO.b Acylation 

To the peptidyl resin (200mg, 43Mmoles) in NMP 5ml)« is added N-Cie-Glu-a-OtBu-y-ONSu 
(N^'-hexadecanoyl-L-glutamic acid a-tert-butyl ester y-suocinimidyl ester) (4eq), and DIEA 
(diisopropylethylamine)(4 eq). The reaction mixture is stirred for 1 h at room temperature. 
Then more N-Cie-Glu-a-OtBu-y-ONSu {4eq) is added, together with DIEA (4 eq). The 
reaction mixture Is stinted overnight at room temperature. The reaction mixture is filtered and 
the resin is washed extensively with NMP, dichloromethane, 2-propanol. methanol and 
diethyl ether. 

The Dde protective group is then removed as in (2.b). 

Cleavage from the resin and purification were done according to (2.c and 2.d). 

The retention time obtained under the eiution conditions described in (2.d) was 37.0min, and 

the peptide yield was 4.0mg. 

By LC-MS analysis of the product, a retention time of 6,5min was found from the UV trace, 
and the molecular mass was found to be 4180,2 amu. which is in agreement with the 
expected structure within the experimental error of the method (± 1 amu). 

The characterisation includes retention time in an analytical RP-HPLC system, 
retention time in an LC-MS system and a molecular weight determination in the LC-MS 
system. The total amount of peptide synthesised were calculated by comparison of peal< 
areas with those from a GLP-2 standard. The results obtained are summarised in Table 2. 

Table 2: HPLC and mass spectrometry characterisation of synthesized GLP-2 
derivatives. HPLC. rt (mn): retention time in minutes in the analytical RP-HPLC system {see 
methods). LS-MS, rt (mn): retention time in minutes in the RP-HPLC / ionspray mass 
spectrometry system (see methods). MW: Molecular weight 
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Example 11 

Preparation of GLP-2 peptide anaiogs by recombinant teciinoiogy in yeast. 

Tiie yeast expression system 

The host strain, which has been used to express GLP-2 precursors is a polyploid 
strain designated ME1719, ME1719 has phenotypes which lack two aspartyl proteases, i.e., 
(1) yapsin 1 (previously called YAP3p) which cleaves C-terminal side of mono- or dibasic 
amino acid residues (Egel-Mitani, M, Flygenring, H.A. & Hansen. M.T.. YEAST 6:127-137. 
1990) and (2) vacuolar protease A (Pra1p) responsible for activation of other proteases such 
as protease B. carboxypeptidase Y. aminopeptidase I. RNase, alkaline phosphatase, acid 
trehalase and exopolyphosphatase. ME1719 can stably produce small peptides in high yield, 
which contain mono- or dibasic amino acids. Among other peptides, such as glucagon and 
GLP-1, GLP-2 is the most advantageous to use this yeast strain (Egel-Mitani,. M., Brandt . J. 
and Vad, K.: Method for the production of polypeptides is described in US Patent US 6.1 10.703. 
29.08.2000 and Egel-Mitani, M.. Anderson, A,S.. Diers. I, Hach, M.. Thim. L.. Hastrup, S. and 
Vad, K,: Enzyme and Microbial Technology 26:671-677, 2000). Moreover, the 
triosephosphate isomerase gene (TPI1) has been disrupted in this strain, which phenotype 
makes it possible to utilise glucose as a selection marker of yeast transformants, which 
enable to obtain high biomass, hitherto high yield in continuous fermentation. 

In order to express human GLP-2 in yeast, S, cerevisiae, in which human amino 
acid sequence has been obtained from EMBL (V01515 HSGLUC), yeast codon usage has 
been introduced to optimize GLP-2 production. In the present example data for four GLP-2 
peptide analog expression plasmids are included; 1) A2G-GLP-2(1-33}, 2) M10K/K30R-GLP- 
2{1-33), 3) M10UL17K/K30R-GLP-2(1-33), 4) L17K/K30R-GLP.2(1-33). 

DNA and amino acid mutations were made according to the wild-type human amino 
acid sequence (HADGSFSDEMNTILDNLAARDFINWLIQTKITD) with corresponding yeast 
codon usage. DNA sequence of the GLP-2 peptide analogs was inserted in an expression 
vector (Fig. 7), As shown in Fig.7 the GLP-2 expression is driven by TPI promoter and MFa 
signal-leader sequence followed by the GLP-2 coding sequence inserted between Ncol and 
Xbal restriction enzyme sites. Procedures for preparing a DNA construct using polymerase 
chain reaction using specific primers are well known to persons skilled in the art (cf. PGR 
Protocols, 1990, Academic Press, San Diego, California, USA) and may be used for the 
preparation of any GLP-2 peptide analog according to the invention. 
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Fermentation and determination of yields 

For small-scale batch cultures, transformants were inoculated in 5 ml of YPD + Ca^^ 
medium (1% yeast extract, 2% peptone, 5mM CaCIa) and cultivated with shaking (200rpm) at 
30^C for 3 days. Culture supernatant were analysed by HPLC after cells had been spun 
down by centrifugation. The following HLPC method was used: 

Column: C4 Jupiter,300A, Sum, 4,6x250mm 

Buffer A: 0.10% TFA 

Buffer B: 0.07% TFA In CH3CN 

Flow: 1ml/min 

Gradient: 30-60%B over 15 min. at room temperature. 

The following yields of GLP-2 peptide analogs were obtained in small-scale (5 ml) 
cultures in the ME1729 host strain: 



Construct 


Plasmid 


Yeast 

transformant 


Yield 


A2G-GLP-2(1-33) 


PKV220 


YES2651 


13.0 mg/L 


M 1 0K/K30R-GLP-2( 1 -33) 


PME2794 


YES2795 


32.8 mg/L 


M1 0L/L1 7K/K30R-GLP-2(1 -33) 


PME2765 


YES2766 


36.6 mg/L 


L1 7K/K30R-GLP-2(1 -33) 


PME2735 


YES2736 


33.9 mg/L 



Purification and characterisation 

All GLP-2 peptide analogs according to the present invention may be purified using 
the following overall purification scheme: 



No 


Step 


Overall Yield 
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Femientation liquid 


100% 




T 
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Capture Column 


75% 




T 




3 


Precipitation 


71% 




▼ 




4 


Hydroxyapatite Column 


60% 
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▼ 




5 


SourceSOQ Column 


53% 




T 




6 


RP-HPLC Column 


45% 




▼ 




7 


Precipitation 


43% 



The purified peptides were analysed by amino acid sequence analysis and mass 
spectrometry. N-terminal amino acid sequences were determined by automated Edman 
degradations using an Applied Biosystem Model 494 Protein Sequencer essentially as 
described by the manufacturer. By using an optimised system it was possible to determine 
the partial sequence of as little as 300-500 fmol of peptide. 

Mass spectrometric analysis was performed on a Voyager RP MALDI-TOF 
instrument (Perseptive Biosystems Inc., Framingham, MA) equipped with a nitrogen laser 
(337 nm). The instrument was operated in linear mode with delayed extraction, and the 
accelerating voltage in the Ion source was 25kV. 

Sample preparation was done as follows: 1 ^1 sample-solution was mixed with 1 ^1 
matrix-solution (alpha-cyano-4-hydroxy-cinnamic acid dissolved in a 5:4:1 (v/v/v) mixture of 
acetonitrile:waten3%(vA^) TFA) and 1 ^1 was deposited on the sample plate and allowed to 
dry. Calibration was performed using external standards and the accuracy of the mass 
determinations was within 0.1%. 



Peptide 


Found MW 


Calculated MW 


Native GLP-2 


3767 


3766.2 


A2G-GLP-2(1-33) 


3751 


3752.1 


M10K/K30R-GLP-2(1-33) 


3793 


3805.2 


M 1 0UL1 7K/K30R-GLP-2{1 -33) 


3793 


3791.2 


L1 7K/K30R-GLP-2(1 -33) 


3809 


3809.2 



Preparation of GLP-2 derivatives from 6LP-2 peptides prepared by recombinant 
technology in yeast. 

The following general procedure was used for the acylation of GLP-2 peptides 
prepared by recombinant technology in yeast: 
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50 mg of lyophilised peptide was dissolved in 3.2 ml of water at 4^C. The pH was 
adjusted to 12.2 with 1 M of NaOH. The solution was allowed to stand for 2 min at 10^C and 
the pH was adjusted to 9.5 with 1M HAc. 7 ml of 4''C cold N-Methyl-2-pyrrolidone (NMP) 
was added and the temperature adjusted to 10°C. The pH was adjusted to 1 1 .5 with 
triethylamine. The acylation reagent (e.g. Pai-p-Ala-ONSu) was dissolved in NMP to a 
concentration of 20 mg/ml. A volunrre of 0.78 ml of this solution was added to the peptide 
solution and the acylation reaction was allowed to continue for 15 min at 15°C under stirring. 
The reaction was stopped by the addition of 0.65 ml of a 100 mg/ml glycine solution and the 
pH was adjusted to 8.5 with 5M of HAc. The acylated GLP-2 peptide analog was purified by 
RP-HPLC. Examples of different acylation reagents that may be used according to this 
example inludes but are not limited to: 

Lau-Glu(ONSu)-OBu*: N'^-Dodecanoyl-L-glutamic acid a-t-butyl ester Y-2,5-dioxopyrrolidin-1- 

yl ester. 

Pal-Glu(ONSu)-OBu' : N*^-Hexadecanoyl-(L)-glutamic acid a-t-butyl-Y-2,5- 

dioxopyn'olidin-l-yl diester. 
Lau-p-Ala-ONSu: N^-Dodecanoyl-p-alanine 2.5*dioxopyrrolrdin-1-yl ester. 
Myr-p-Ala- ONSu: N^- Tetradecanoyl-p-alanine 2,5-dioxopyrrolidin-1-yl ester. 
Pal-p-Ala-ONSu: N^-Hexadecanoyl-p-alanine 2,5-dioxopyrrolidin-1-yl ester. 
Lau-GABA-ONSu: N^-Dodecanoyi^-aminobutyric acid 2,5-dioxopyrrolidin-1-yl ester. 
Myr-GABA-ONSu: N^-Tetradecanoyl-y-aminobutyricacid 2,5-dioxopyniolidin-1-yl ester. 
Pal-GABA-ONSu: N^-Hexadecanoyl-y-aminobutyricacid 2,5-dioxopyrrolidin-1-yl ester 
Ste-GABA-ONSu: N^-Octadecanoyl^-aminobutyric acid 2,5-dioxopyrrolidin-1-yl ester. 

Purification and characterisation of acylated GLP-2 peptide analogs (GLP-2 
derivatives): 

The acylated analogs were purified using the following overall scheme: 





Step 


Overall yield 








1 


GLP-2 peptide analog peptide 


100% 




▼ 




2 


Acylation 


77% 




▼ 




3 


RP-HPLC Column 


63% 
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▼ 




4 


Precipitation 


58% 




▼ 




5 


Solubilization and freeze-drying 


51% 



The acylated analogs were characterised by mass spectrometry analysis as 
described. 

Example 12 

Bioassay In mice. Dose-Response study of GLP-2 derivatives. 

Table 3. Model parameter estimates following nonlinear regression analysis of dose and 
small intestinal weights relative to body weight. 

Table 4. Model parameter estimates following nonlinear regression analysis of dose and 
small Intestinal weights. 

Table 5. Body weight, small intestinal weight and relative small intestinal weight of mice 

treated with L17K(3-(tetradecanoylamino)propionyl)/K30R-GLP-2(1-33). 

Table 6. Body weight, small intestinal weight and relative small intestinal weight of mice 

treated with LI 7K{3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33). 

Table 7. Body weight, small intestinal weight and relative small intestinal weight of mice 

treated with A2G-GLP-2(1-33). 

Table 8. Body weight, small intestinal weight and relative small intestinal weight of control 
mice. 

GLP-2 derivatives are being developed for the treatment of people with a number of 
gastrointestinal diseases including small bowel syndrome. 

The objective of the present study is to establish the dose-response relationship of 
the GLP-2 derivative-induced growth of the small intestine in mice using derivatives L17K(3- 
(tetradecanoylamino)propionyl)/K30R-GLP-2(1 -33), L1 7K(3- 

(hexadecanoylamino)propionyl)/K30R-GLP-2{1-33). and A2G-GLP-2{1-33) in 7 daily, 
subcutaneous doses for 10 days. 

The following GLP-2 derivatives and analog were tested: 

1 . L17K(3-(tetradecanoylamino)propionyl)/K30R-GLP-2(1-33). 

2. L1 7K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33), 
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3. A2G-GLP-2(1-33). 

All derivatives were dissolved and diluted in buffer containing: 
Disodiumhydrogenphosphate 1.42 mg/ml, Mannltol 36.9 mg/ml. Phenol 5 nng/ml, 
pH 8.0. 

189 female C57b1 mice were used in the study. All animals were divided into four groups: 
Group 1 : Controls 

Group 2: L17K(3-(tetradecanoylamino)propionyl)/K30R-GLP-2(1-33) 
Group 3: L17K(3-(hexadecanoyIamino)propionyl)/K30R-GLP-2(1-33) 
Group 4: A2G-GLP-2(1-33) 



Dosing 

All animals received a daily subcutaneous injection of 100 pi for 10 days with the 
following doses: 







Dose - pg 


Group 


Treatment 


A 


B 


C 


D 


E 


F 


G 


1 


Control 


Saline 


2 


L17K(3- 

{tetradecanoylamino)propionyl)/K30R- 
GLP-2(1-33) 


22 


11 


5.5 


2.75 


1.375 


0.678 


0.344 


3 


L17K(3- 

(hexadecanoylamino)propionyl)/K30R- 
GLP-2(1-33) 


35 


17.5 


8.75 


4.375 


2.188 


1.094 


0.547 


4 


A2G-GLP-2(1-33) 


33 


16.5 


8.25 


4.125 


2.063 


1.031 


0.512 



Samples 

At Day 10 the animals were weighted before they were sacrificed. The intestine was 
carefully removed from each animal and the small intestine dissected, rinsed with saline and 
weighted. 
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Data analysis 

Body weight, small intestinal weight and small intestinal weight relative to body 
weight were reported for all animals and used generating the dose-response relationship. 
The treatment-induced increase in both absolute and relative small intestinal weight is 
calculated for each treatment group, since this is considered the pharmacologically relevant 
efficacy parameter. 

A generalised Michaelis-Menten model, with shape factor y corresponding to the 
Hillslope in the semilogarithmic dose-response cuive and Eq representing the background 
efficacy level at D = 0, was used as dose-response model. En^ax is the maximal effect 
observed and ED50 is the dose that gives an effect equal to 50% of Emax- The model was 
used because of the higher flexibility compared to a four parameter logistic dose-response 
model (1). The model was fitted to data using nonlinear regression in order to determine 
estimates for E^ax. ED50, Y and Eo. 
E •D' 

The goodness of fit was evaluated by visual inspection of plots showing observed data points 
together with fitted curves and residuals plots. Parameter estimates are presented together 
with CV% and 95% C.I. 

In order to account for the variability in the background efficacy level, control data 
were included in the nonlinear regression analysis as D=0 for all three treatment groups. 

The nonlinear regression analyses were performed using WinNonlin Professional, 
version 3.1 . Pharsight. The nonlinear regression was performed using the Gauss-Newton 
(Levenberg and Hartley) algorithm. 

Results 

Body weight, small intestinal weight and relative small intestinal weight are shown 
for all animals from each dose levels and treatment groups in tables 5-8. 

The results of the nonlinear regression analysis and curve fitting of the dose- 
response model to small intestinal weight and relative small intestinal weight data are shown 
in Tables 3 and 4 and Figures 8-1 1 . 

The dose-response relationships are visualised in Figures 8 and 10. Similar dose- 
response curves were observed for derivatives L17K(3-(tetradecanoyiamino}propionyl)/K30R- 
GLP-2(1-33) and L17K(3-(hexadecanoylamino)proplonyl)/K30R-GLP-2(1-33) when small 
intestinal weight and relative small intestinal weight were used as efficacy parameters. This 
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indicates that the treatment effect on the body weights does not skew the dose-response 
relationship for either of the derivatives. For A2G-GLP-2(1-33) however a distinct Emax- 
plateau was identified when small intestinal weight was used as efficacy parameter. This was 
not obsen/ed for the relative small intestinal weight, indicating that the treatment could affect 
the body weight or that the efTtcacy levels could not be distinguished from background levels. 

The curve fits in Figures 8 and 10 indicate that the model adequately can describe 
the dose-response relationship between both small intestinal weight and dose, and relative 
small intestinal weight and dose for all three compounds tested. No systematic trends appear 
in neither of the residual plots in Figures 9 and 11. Therefore no model misspeciflcation could 
be obsen/ed. 

The parameter estimates in Tables 3 and 4 show Eq levels that are estimated with a 
fairly high precision (CV %< 5) when both small intestinal weight and relative small intestinal 
weight data are examined. Higher Emax estimates were obtained for both the L17K(3- 
{tetradecanoylamino)propionyl)/K30R-GLP-2(1-33) and L17K(3- 

(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33) compared to A2G-GLP-2{1-33). The 
increase in Emax compared to A2G-GLP-2(1-33) was 33% and 16% when relative small 
intestinal weight was used as efficacy parameter for L17K{3- 
(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33) and L17K(3- 

(tetradecanoylamino)propionyl)/K30R-GLP-2(1-33) respectively and 67% and 34% when 
small intestinal weight was used. 

The treatment-induced increase (Emax-Eo) in both small intestinal weight and relative 
small intestinal weight were determined as a secondary parameter during the curve fitting 
procedure. A 1.7 and 2.5 fold higher increase in relative small intestinal weight compared to 
A2G-GLP-2(1-33) was observed for L17K(3-(tetradecanoylamino)propionyl)/K30R-GLP'2(1- 
33) and L17K(3-(hexadecanoylamino)propionyl)A<30R-GLP-2(1-33) respectively. The 
increase when absolute small intestinal weight was measured was 4.9 and 8.6 fold higher 
respectively. 

A relatively low precision In estimation of ED50 was observed for A2G-GLP-2(1-33) 
because of the narrow interval between background level and Emax level and, in case of the 
relative small intestinal weight data set, because no full dose-response curve could be 
obtained. This was to some extent also true for L17K(3- 

(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33) since the lowest dose used induced an 
effect corresponding to 30-40 % of Emax- The lack of information in the initial part of the dose- 
response curve would reduce the precision in estimating the ED50 value. In general though 
the estimates for EDgo obtained for L17K(3-{tetradecanoylamino)propionyl)/K30R-GLP-2(1- 
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33) and L17K(3-(hexadecanoyiamino)propionyl)/K30R-GLP-2(1-33) were comparable in size 
and much smaller than estimates for A2G-6LP-2(1-33). However due to the large variation In 
EDso a relative potency estimation between the tested derivatives Is difficult. 

In conclusion L17K(3-(hexadecanoylamino)propionyi)/K30R-GLP-2(1-33) and 
L17K(3-(tetradecanoylamino)propionyl)/K30R-GLP-2{1-33) Induced a 67 % and 34 % 
increase In Emax compared to A2G-GLP-2(1-33). A 8-fold higher Increase in small intestinal 
weight was induced by L17K(3-(hexadecanoylamino)propionyl)/K30R*GLP-2(1-33) compared 
to the one induced by A2G-GLP-2(1-33). 



Table 3. Model parameter estimates following nonlinear regression analysis of dose and 
small intestinal weights relative to body weight. 



Treatment 


A2G-GLP-2(1-33) 


L17K(3- 

(tetradecanoylamino) 

propionyl)/K30R- 

GLP-2(1-33) 


L17K(3- 

(hexadecanoytamino)propionyl)/ 
K30R-GLP-2(1-33) 




Parameter estimates (CV%) 


Eo 


0.0425 (2.4) 


0.0426 (3.0) 


0.0424 (2.9) 


Efnax 


0.0548 (33.3) 


0.0636 (2.2) 


0.0727 (5.4) 


EDso (pg) 


15,04(470) 


1.00(18.5) 


0.90(41.3) 


Emax - Eo 


0.0123 (151) 


0.0211 (9.3) 


0.0303(13.7) 


Y 


0.6625 (109) 


2.0485 (32.2) 


0.7249(41.2) 




95% Confidence Intervals 


Eo 


0.0405 - 0.0446 


0.0400 - 0.0451 


0.0399 - 0.0449 


Emax 


0.0184 - 0.0912 


0.0609 - 0.0663 


0.0649 - 0.0805 


EDso 


0-156.17 


0.63-1.37 


0.16-1.65 


Emax " Eo 


-0.0278 - 0.0503 


0.0234 - 0.0296 


0.0256 - 0.0407 


Y 


-0.7761-2.1012 


0.7336 - 3.3633 


0.1284-1.3214 
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Table 4. Model parameter estimates following nonlinear regression analysis of dose and 
small intestinal weights. 



Treatment 


A2G-GLP-2(1-33) 


L17K(3- 

<tetradecanoytamino)propi 
onyl)/K30R-GLP-2(1 -33) 


L17K(3- 

(hexadecanoylamino) 

propionyl)/K30R- 

GLP-2(1-33) 




Parameter estimates (CV%) 


Eo{g) 


1.1095(2.0) 


1.0993(3.5) 


1.1008(3.8) 


Emax{g) 


1.2180(2.3) 


1.6270(2.9) 


2.0310(13.1) 


EDso (pg) 


3.98 (70.9) 


1.09(25.0) 


1.99(111) 


Emax - Eo (g) 


0.1085 (34.8) 


0.5278 (12.3) 


0.9302 (29.3) 


Y 


8.4169(1869) 


1.8184(38.9) 


0.5889 (52.9) 




95% Confidence Intervals 


Eo{g) 


1.0661-1.1529 


1.0219-1.1768 


1.0175-1.1842 


Ena,(g) 


1.1613-1.2748 


1.5345-1.7195 


1.4999 - 2.5621 


EDso(Mg) 


0-9.60 


0.55-1.64 


0 - 6.40 


Emax - Eo (g) 


0.0345 - 0.1837 


0.4021 - 0.6579 


0.3967 - 1 .4725 


Y 


-305.2302 - 322.0639 


0.4085 - 3.2282 


-0.0320-1.2099 



Table 5. Body weight, small Intestinal weight and relative small intestinal weight of mice 
treated with L17K(3-(tetradecanoylamino)propionyl)/K30R-GLP-2(1-33), 



Dose 
level 


Dose 

pg 


Body weight 

g 


Small intestinal 
weight 

g 


Small intestinal weight/ 
body weight 


A 


22 


25.88 


1.45 


0.0560 






27.59 


1.75 


0.0634 






26.67 


1.60 


0.0602 






24.31 


1.54 


0.0633 






24.11 


1.27 


0.0527 






24.48 


1.53 


0.0625 
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25.25 


1.78 


0.0705 






23.14 


1.23 


0.0532 


Mean ± SD 


25.17 ± 1.45 


1.5188 ±0.1996 


0.0602 ± 0.0060 






24.04 










27.14 


1.83 


0.0674 






22.35 


1.60 


0.0716 


B 


11 


29.45 


2.09 


0.0710 






28.00 


1.55 


0.0554 






24.29 


1.83 


0.0753 






25.54 


1.63 


0.0638 






26.59 


1.71 


0.0643 


Mean ± SO 


25.93 ± 2.32 


1.7486 ±0.1857 


0.0670 ± 0.0066 






25.94 


1.51 


0.0582 






28.15 


2.00 


0.0710 






22.40 


1.57 


0.0701 


C 


5.5 


21.48 


1.44 


0.0670 






24.72 


1.36 


0.0550 






26.11 


1.59 


0.0609 






24.33 


1.65 


0.0678 






30.32 


1.66 


0.0547 


Mean ± SD 


25.43 ± 2.89 


1.5975 ±0.1921 


0.0631 ± 0.0067 






25.31 


1.71 


0.0676 






29.88 


1.64 


0.0549 






25.64 


1.95 


0.0761 


D 


2.75 


22.62 


1.48 


0.0654 






25.10 


1.46 


0.0582 






25.34 


1.46 


0.0576 






22.39 


1.30 


0.0581 






25.47 


1.45 


0.0569 


Mean ± SD 


25.22 ± 2.29 


1.5563 ± 0.2025 


0.0618 ± 0.0072 


E 


1.375 


28.11 


1.51 


0.0537 






25.84 


1.50 


0.0580 






23.86 


1.32 


0.0553 






24.06 


1.42 


0.0590 
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23.98 


1.21 


0.0505 






23.49 


1.24 


0.0528 






23.04 


1.44 


0.0625 






24.73 


1.41 


0.0570 


Mean ± SD 


24.64 ± 1.64 


1.3813 ±0.1131 


0.0561 ± 0.0038 






28.54 


1.27 


0.0445 






30.18 


1.49 


0.0494 






25.83 


1.18 


0.0457 


F 


0.678 


27.35 


1.62 


0.0592 






24.24 


1.11 


0.0458 






26.81 


1.30 


0.0485 






24.59 


1.05 


0.0427 






24.19 


1.30 


0.0537 


Mean ± SD 


26.47 ±2.17 


1.2900 ±0.1896 


0.0487 ± 0.0055 






23.34 


1.01 


0.0433 






26.30 


1.08 


0.0411 






24.58 


1.34 


0.0545 


G 


0.344 


25.43 


1.11 


0.0436 






24.68 


0.99 


0.0401 






27.69 


1.41 


0.0509 






25.13 


1.34 


0.0533 






22.58 


0.85 


0.0376 


Mean ± SD 


24.97 ± 1.60 


1.141 3 ±0.2003 


0.0456 ± 0.0064 
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Table 6. Body weight, small intestinal weight and relative small intestinal weight of mice 



treated with L17K(3-(hexadecanoylamlno)propionyl)/K30R-GLP-2(1-33). 



Dose 
level 


Dose 

Mg 


Body weight 

g 


Small intestinal 
weight 

g 


Small intestinal weight/ 
body weight 






29.69 


1.89 


0.0637 






26.35 


2.03 


0.0770 






28.34 


1.91 


0.0674 


A 


35 


25.24 


1.78 


0.0705 






26.16 


1.61 


0.0615 






23.80 


1.72 


0.0723 






27.05 


2.06 


0.0762 






25.65 


1.77 


0.0690 


Mean ± SD 


26.54 ± 1.84 


1.8463 ± 
0.1546 


0.0697 ± 0.0055 






29.80 


1.90 


0.0638 






26.57 


1.85 


0.0696 






32.71 


2.54 


0.0777 


B 


17.5 


24.96 


2.05 


0.0821 




24.66 


1.54 


0.0624 






21.39 


1.47 


0.0687 






27.99 


1.95 


0.0697 






26.74 


1.62 


0.0606 


Mean ± SD 


26.85 ± 3.44 


1.8650 ± 
0.3423 


0.0693 ± 0.0075 






23.32 


1.58 


0.0678 






27.39 


1.85 


0.0675 






26.51 


2.01 


0.0758 


C 


8.75 


23.53 


1.60 


0.0680 






26.31 


1.67 


0.0635 






27.07 


2.07 


0.0765 






23.64 


2.08 


0.0880 






26.72 


1.80 


0.0674 


Mean ± SD 


25.56 ± 1.74 


1 .8325 ± 


0.0718 ±0.0079 
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0.2052 








25.11 


1.47 


0.0585 






26.06 


1.71 


0.0656 






25.00 


1.68 


0.0672 


D 


4.375 


25.36 


1.59 


0.0627 






23.79 


1.41 


0.0593 






27.40 


1.81 


0.0661 






26.31 


1.48 


0.0563 






23.73 


1.42 


0.0598 


Mean 1 SD 


25.35 1 1.25 


1.5713 ± 
0.1492 


0.0619 1 0.0040 






24.71 


1.36 


0.0550 






21.35 


1.30 


0.0609 






27.79 


1.80 


0.0648 


E 


2.188 


28.66 


1.84 


0.0642 




25.95 


1.45 


0.0559 






26.62 


1.65 


0.0620 






22.40 


1.58 


0.0705 






27.71 


1.70 


0.0613 


Mean ± SD 


25.65 ± 2.64 


1.5850 ± 
0.1996 


0.0618 ±0.0060 






22.75 


1.36 


0.0598 






25.35 


1.46 


0.0576 






22.99 


1.50 


0.0652 


F 


1.094 


26.65 


1.73 


0.0649 




25.54 


1.41 


0.0552 






24.68 


1.56 


0.0632 






29.29 


1.72 


0.0587 






24.51 


1.40 


0.0571 


Mean ± SD 


25.22 ± 2.09 


1.5175 ± 
0.1423 


0.0602 ± 0.0038 


G 


0.547 


24.31 


1.28 


0.0527 






25.29 


1.31 


0.0518 






24.00 


1.44 


0.0600 
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26.59 


1.52 


0.0572 


24.42 


1.27 


0.0520 


25.95 


1.33 


0.0513 


23.65 






29.00 


1.57 


0.0541 


Mean ± SO 


25.40 ± 1.77 


1.3886 ± 
0.1313 


0.0541 ± 0.0033 
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Table 7. Body weight, small intestinal weight and relative small intestinal weight of mice 
treated with A2G-GLP-2(1-33). 



Dose 
level 


Dose 
MQ 


Body weight 
9 


Small intestinal 
weight 
g 


Small Intestinal weight/ 
body weight 






26.17 


1.25 


0.0478 






27.69 


1.30 


0.0469 






23.33 


1.40 


0.0600 


A 


33 


22.35 


1.10 


0.0492 




28.25 


1.28 


0.0453 






22.85 


1.17 


0.0512 






24.94 


1.41 


0.0565 






21.40 


0.93 


0.0435 


Mean ± SD 


24.62 ± 2.55 


1.2300 ± 
0.1602 


0.0501 ± 0.0057 






21.72 


0.96 


0.0442 






26.13 


1.17 


0.0448 






25.43 


1.37 


0.0539 


B 


16.5 


24.44 


1.28 


0.0524 




23.80 


1.07 


0.0450 






25.13 


1.24 


0.0493 






23.06 


1.25 


0.0542 






22.76 


1.08 


0.0475 


Mean l SD 


24.064 1.50 


1.1775 ± 
0.1337 


0.0489 ± 0.0042 






26.62 


1.26 


0.0473 






24.63 


1.16 


0.0471 






24.27 


1.19 


0.0490 


C 


8.25 


28.30 


1.37 


0.0484 




26.94 


1.06 


0.0393 






25.12 


1.23 


0.0490 






24.89 


1.46 


0.0587 






25.51 


1.24 


0.0486 


Mean ± SD 


25.79 ± 1.38 


1.2463 ± 


0.0484 ± 0.0052 







0.1235 








26.28 


1.15 


0.0438 






26.49 


1.04 


0.0393 






27.19 


1.46 


0.0537 


D 


4.125 


26.01 


1.19 


0.0458 




28.58 


1.24 


0.0434 






22.74 


1.15 


0.0506 






23.49 


0.88 


0.0375 






28.52 


1.26 


0.0442 


Mean ± SO 


26.16 ±2.12 


1.1713± 
0.1687 


0.0448 ± 0.0054 






21.54 


0.93 


0.0432 






21.97 


0.98 


0.0446 






26.21 


1.22 


0.0465 


E 


2.063 


25.39 


1.18 


0.0465 






26.80 


1.04 


0.0388 






26.64 


1.21 


0.0454 






23.36 


1.00 


0.0428 






22.25 


1.04 


0.0467 


Mean ± SD 


24.27 ± 2.23 


1.0750 ± 
0.1124 


0.0443 ± 0.0027 






24.10 


1.09 


0.0452 






23.15 


1.10 


0.0475 






26.06 


1.18 


0.0453 


F 


1.031 


28.91 


1.31 


0.0453 






27.15 


1.18 


0.0435 






25.89 


1.11 


0.0429 






23.41 


1.30 


0.0555 






24.83 


1.08 


0.0435 


Mean ± SO 


25.44 ± 1.97 


1.1688 ± 
0.0923 


0.0461 ± 0.0041 


G 


0.512 


24.03 


0.92 


0.0383 






23.21 


1.09 


0.0470 






26.10 


1.09 


0.0418 
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28.97 


1.24 


0.0428 


27.31 


1.15 


0.0421 


25.90 


1.18 


0.0456 


23.55 


1.17 


0.0497 


24.71 


1.02 


0.0413 


Mean ± SD 


25.47 ± 1.99 


1.1075 ± 
0.1014 


0.0436 ± 0.0036 
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Table 8. Body weight, smatl intestinal weight and relative small intestinal weight of control 
mice. 



Dose 
level 


Dose 


Body weight 
g 


Small intestinal 
weight 

g 


Small intestinal weight/ 
bcxly weight 






24.39 


0.99 


0.0406 






22.58 


0.86 


0.0381 






22.76 


1.08 


0.0475 






24.93 


1.03 


0.0413 






25.46 


0.99 


0.0389 






27.12 


1.13 


0.0417 






25.34 


1.42 


0.0560 






27.55 


1.20 


0.0436 






27.38 


1.02 


0.0373 


Control 


0 


24.96 


1.02 


0.0409 




24.77 


1.31 


0.0529 






25.88 


1.05 


0.0406 






28.86 


1.08 


0.0374 






22.89 


1.06 


0.0463 






24.57 


1.07 


0.0435 






26.67 


1.08 


0.0405 






31.59 


1.26 


0.0399 






32.69 


1.36 


0.0416 






27.28 


1.03 


0.0378 






23.60 


0.97 


0.0411 


Mean ± SD 


26.06 ± 2.70 


1.1005 ± 
0.1411 


0.0424 ± 0.0050 



Example 13 

Metabolic stability of selected GLP-2 derivatives. The degradation of GLP-2 
derivatives in vivo in pigs have been studied and TV2 value determined for selected GLP-2 
derivatives according to the present invention (T/2: Terminal plasma elimination half-life) 
(Table 9). 

All test substances were dissolved in 20 mM phosphate buffer pH 7.4. 
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Female LYD crossbred pigs weighing 50-75 kg. were used. All test substances were 
dosed 0.5 nmol/kg. The dosing volume was approx. 1 ml per animal. 

Subcutaneous injections were given at the right side of the neck approximately 7 cm 
from the ear and 9 cm from the middle of the neck. Injections were given with a stopper on 
the needle, allowing 0.5 cm of the needle to be inserted. 

Blood samples were drawn from an ear vein catheter. The catheter was rinsed with 
heparin 50 IE/ml in physiological saline. During sampling the first ml blood drawn was 
discarded. Blood samples were kept on ice for no longer than 20 min. before centrifugatlon 
(4*'C, 4000 rpm, 10 min). After centrifugation plasma was isolated and transferred to 
Micronic-tubes in duplo. The plasma samples were analysed by ELISA. 



Table 9: 



GLP-2 derivative 


GLP-2 peptide 


Acyl 
site 


Acyl 

Substituent 


Spacer 


TYi in 
pigs 
(h) 




GLP-2(1-33) 


None 


None 


None 


0.25 


L17K(3- 

(dodecanoytam[no)propionyl) 
/K30R-GLP-2(1-33) 


L17K/K30R-GLP- 
^(1-007 


e-Lys- 
17 


C-12 


p-alanine 


8.5 


L17K(4- 

(dodecanoylamino)butanoyl)/ 
K30R-GLP-2(1-33) 


L17K/K30R-GLP- 
2(1-33) 


e-Lys- 
17 


C-12 


GABA 


2.3 


L17K(3. 

{tetradecanoylamino)propion 
yl)/K30R.GLP-2(1-33) 


L17K/K30R-GLP- 
2(1-33) 


e-Lys- 
17 


C14 


p-alanlne 


3.5 ± 1.8 


L17K(4- 

(tetradecanoylamino)butano 
yl)/K30R-GLP-2{1-33) 


L17K^K30R-GLP-2 
(1-33) 


e-Lys- 
17 


C14 


GABA 


4.5 ± 2.4 


L17K(3- 

(hexadecanoytamino)proplon 

yl)/K30R-GLP-2(1-33) 


L17K/K30R-GLP-2 
(1-33) 


e-Lys- 
17 


CIS 


({-alanine 


4.4 ± 1.1 


L17K(4-. 

(hexadecanoylamino)butano 
yl)/K30R-GLP-2(1-33) 


L17K/K30R-GLP-2 
(1-33) 


e-Lys- 
17 


C16 


GABA 


3.8 ± 0.6 


D3E/S7K((S)-4-carboxy^- 
(hexadecanoylamino)butano 
yl)/K30R/D33E-GLP-2(1 -33) 


D3E/S7K/K30R/D33 
E-GLP-2(1-33) 


5-Lys- 
7 


C16 


Y-glutamic 
acid 


280 
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D3eD8K((SH-carboxy-4- 

(hexadecanoytamino)butano 

y«)/K30R/D33E-GLP-2(1-33) 


D3E/D8K/K30R/D33 
E-GLP-2(1-33) 


e-Lys- 
6 


C16 


Y-glutamic 
acid 


31.9 


D3E/N1 1 K((S)-4-carboxy-4- 
(hexadecanoylamino)butano 
yl)/K30R/D33E-GLP-2(1-33) 


D3E/N11K/K30R/D3 
3E-GLP-2(1-33) 


e-Lys- 
11 


C16 


Y-glutamic 
acid 


53.1 


D3En-1 2K((S)-4-carboxy-4- 
(hexadecanoylamino)butano 
yl)/K30R/D33E-GLP-2(1 -33) 


D3Em2K/K30R/D33 
E-GLP.2(1-33) 


e-Lys- 
12 


C16 


Y-glutamlc 
acid 


29.4 


D3E/L1 7K((S)-4-carboxy-4- 
(hexadecanoylamino)butano 

yl)/K30R/D33E-GLP-2(1 -33) 


D3E/L17K/K30R/D33 
E-GLP.2(1.33) 


€-Lys- 
17 


C16 


Y-glutamic 
acid 


16,2 
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SEQUENCE LISTING 

SEQ ID NO. 1 (The amino acid sequence of native human GLP-2): 

HADGSFSDEMNTILDNLAARDFINWLIQTKITD 

SEQ ID NO. 2 (GLP-2 peptides according to formula I): 

His-X^.X^-Gly-X^-Phe-X^-X^-X^-X'^-X^'-X^'-X^^-X^^X'^-X^^X'"-^ 
Trp-Leu-lle-X^'^-Thr-Arg-lle-Thr-X^ 

wherein X^ is Ala, Val or Gly; X^ is Asp. or Glu; X® is Ser. or Lys; X^ Is Ser. or Lys; X® is Asp, 
Glu. or Lys; X^ is Asp. Glu. or Lys; X^° is Met. Lys. Leu. lie. or Nor-Leucine; X" is Asn, or 
Lys; X^^ is Thr, or Lys; X^^ is He, or Lys; X^'* is Leu, or Lys; X^^ is Asp, or Lys; X^® is Asn, or 
Lys; X^^ is Leu, or Lys; X^® is Ala, or Lys; X^^ is Asp, or Lys; X^^ is Asn. or Lys; X^® is Gin, or 
Lys; X^ is Asp, Glu, or Lys, 

SEQ ID NO. 3 (GLP-2 peptides according to fomnuia II): 

His-X^-X^-Gly-X^Phe-X^-X^-X^-X'^-X^'-X^'-X'^-X'^-X'^-X'^-X'^-X'^-Ala-^^^^ 
Trp-Leu-lle-X^^-Thr-X^^-lle-Thr-X^ 

wherein X^ is Ala. Val or Gly; X^ is Asp. or Glu; X^ is Ser, or Lys; X^ is Ser, or Lys; X® is Asp, 
Glu. or Lys; X® is Asp. Glu. or Lys; X^^ is Met. Lys, Leu. He. or Nor-Leucine; X^^ is Asn. or 
Lys; X^^ is Thr. or Lys; X^^ is lie. or Lys; X^"* is Leu. or Lys; X^^ is Asp. or Lys; X^® is Asn. or 
Lys; X^^ is Leu. or Lys; X^* is Ala, or Lys; X^ is Arg, or Lys; X^^ is Asp. or Lys; X^^ is Asn. or 
Lys; X^® is Gin, or Lys; X^ is Arg, or Lys; X^^ is Asp, Glu, or Lys. 
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CLAIMS 

1 . A GLP-2 peptide comprising the amino acid sequence of formula I 
Trp-Leu-lle.x2**-Thr-Arg-lle-Thr-X^ (formula I) 

or a fragment thereof; wherein is Ala, Val or Gly; X^ is Asp, or Glu; X^ is Ser, or Lys; X^ is 
Ser, or Lys; X® is Asp, Glu, or Lys; X® Is Asp, Glu, or Lys; X^^ is Met, Lys, Leu, lie, or Nor- 
Leucine; X^^ is Asn, or Lys; X^^ is Thr. or Lys; X^^ Is lie. or Lys; X^^ is Leu, or Lys; X^^ is Asp. 
or Lys; X^^ is Asn. or Lys; X'^ is Leu. or Lys; X^® Is Ala. or Lys; X^' is Asp, or Lys; X^^ is Asn. 
or Lys; X^ is Gin, or Lys; X^^ is Asp, Glu, or Lys. 

2. The GLP-2 peptide according to claim 1 , consisting of the amino add sequence 

His-X^-X^-Gly-X'-Phe-X^X^-X^-X'°-X''-X'2.X^3-X''-X^^-X^^-X^'.X 
Trp-Leu-lle-X^*-Thr-Arg-lle-Thr-X^ 

or a fragment thereof; wherein X^ is A!a» Val or Gly; X^ is Asp. or Glu; X^ is Ser. or Lys; X^ is 
Ser, or Lys; X® is Asp. Glu, or Lys; X® is Asp, Glu. or Lys; X^° is Met, Lys. Leu, lie. or Nor- 
Leucine; X^^ is Asn, or Lys; X^^ is Thr. or Lys; X^^ is Me. or Lys; X^* is Leu. or Lys; X^^ is Asp. 
or Lys; X^® is Asn. or Lys; X^^ is Leu, or Lys; X^^ is Ala, or Lys; X^^ is Arg. or Lys; X^^ is Asp. 
or Lys; X^^ is Asn, or Lys; X^ is Gin, or Lys; X^^ is Asp, Glu, or Lys. 

3. The GLP-2 peptide according to claims 1 or 2, wherein X^ is Ala. 

4. The GLP-2 peptide according to claims 1 or 2, wherein X^ is Gly. 

5. The GLP-2 peptide according to any of claims 1-4, wherein X^ is Asp. 

6. The GLP-2 peptide according to any of claims 1-4. wherein X^ is Glu. 

7. The GLP-2 peptide according to any of claims 1-6, wherein X® is Ser. 



8. The GLP-2 peptide according to any of claims 1-7, wherein X^ is Ser. 
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9. The GLP-2 peptide according to any of claims 1-8, wherein X® is Asp. 

10. The GLP-2 peptide according to any of claims 1-8, wherein is Glu. 

11. The GLP-2 peptide according to any of claims 1-10, wherein X® is Asp. 

12. The GLP-2 peptide according to any of claims 1-10, wherein X^ is Glu. 

13. The GLP-2 peptide according to any of claims 1-12, wherein X^^ is selected from 
group consisting of Met, Leu, lie. and Nor-Leucine. 

14. The GLP-2 peptide according to any of claims 1-13, wherein X^^ is Asn. 

15. The GLP-2 peptide according to any of claims 1-14, wherein X^^ is Thr. 

16. The GLP-2 peptide according to any of claims 1-15, wherein X^^ is lie. 

17. The GLP-2 peptide according to any of claims 1-16. wherein X'^ is Leu. 

18. The GLP-2 peptide according to any of claims 1-17, wherein X^^ is Asp. 

19. The GLP-2 peptide according to any of claims 1-18, wherein X^® is Asn. 

20. The GLP-2 peptide according to any of claims 1-19, wherein X^^ is Leu. 

21 . The GLP-2 peptide according to any of claims 1-20, wherein X^® is Ala. 

22. The GLP-2 peptide according to any of claims 1-21, wherein X^^ is Asp. 

23. The GLP-2 peptide according to any of claims 1-22, wherein X^^ is Asn. 

24. The GLP-2 peptide according to any of claims 1-23, wherein X^ is Gin. 

25. The GLP-2 peptide according to any of claims 1-24, wherein X^ is Asp. 
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26. The GLP-2 peptide according to any of claims 1-24, wherein is Glu. 

27. The GLP-2 peptide according to any of claims 1-26, wherein the amino acid 
independently selected from the list consisting of X*, X'. X*, X*, X'*, X". X". X". X'*. X''. 
Xi6 X*, )e\ X'\ X2», and X» is Lys. 

28. The GLP-2 peptide according to any of daims 1-27, wherein a total of up to 5 amino acid 
residues have been exchanged with any a-amino add residue, such as 4 amino add reddues, 
3 arrvno acid residues, 2 amino acid residues, or 1 amino add residue. 

29. The GLP-2 peptide according to daim 1 , wherein the peptide is selected from the list 
consisting of 



K30R-GLP-2(1-33); 

S5K-GLP-2{1-33); 

S7K-GLP-2(1-33): 

D8K-GLP-2(1-33); 

E9K-GLP-2(1-33); 

M10K-GLP-2(1-33); 

N11K-GLP-2(1-33); 

T12K-GLP-2(1-33); 

i13K-GLP-2(1-33); 

L14K-GLP-2(1-33): 

D15K-GLP-2(1-33); 

N16K-GLP-2(1-33); 

L17K-GLP-2(1-33): 

A18K-GLP-2(1-33); 

D21K-GLP-2(1-33): 

N24K-GLP-2(1-33): 

Q28K-GLP-2(1-33); 

S5K/K30R-GLP-2{1 -33); 

S7K/K30R-GLP-2(1 -33); 

D8K/K30R-GLP-2(1 -33): 

E9K/K30R-GLP-2(1 -33); 
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M10K/K30R-GLP-2(1-33); 
N1 1K/K30R-GLP-2(1-33): 
T12K/K30R-GLP-2(1-33); 
l13K/K30R-GLP-2(1-33); 
L14K/K30R-GLP-2(1 -33); 
D15K/K30R-GLP-2(1 -33); 
N16K/K30R-GLP-2(1-33); 
LI 7K/K30R-GLP-2(1 -33); 
A1 8Krt<30R-GLP-2(1 -33); 
D21 K/K30R-GLP-2(1 -33); 
N24K/K30R-GLP-2(1-33); 
Q28K/K30R-GLP-2(1 -33); 
K30R/D33K-GLP-2(1 -33): 
D3E/K30R/D33E-GLP-2(1-33); 
D3E/S5K/K30R/D33E-GLP-2(1 -33); 
D3E/S7K/K30R/D33E-GLP-2(1-33); 
D3E/D8K/K30R/D33E-GLP-2(1 -33); 
D3E/E9K/K30R/D33E-GLP-2(1 -33); 
D3E/M1 0K/K30R/D33E-GLP-2(1-33); 
D3E/N1 1 K/K30R/D33E-GLP-2(1-33); 
D3E^^^ 2K/K30R/D33E-GLP-2(1-33); 
D3E/1 1 3K/K30R/D33E-GLP-2(1 -33); 
D3E/L1 4K/K30R/D33E-GLP-2(1 -33); 
D3E/D 1 5K/K30R/D33E-GLP-2(1 -33); 
03E/N 1 6K/K30R/D33E-GLP-2(1 -33); 
D3E/L1 7K/K30R/D33E-GLP-2(1-33); 
D3E/A 1 8K/K30R/D33E-GLP-2{ 1-33); 
D3E/D21 K/K30R/D33E-GLP-2(1-33); 
D3E/N24K/K30R/D33E-GLP-2(1 -33); and 
D3E/Q28K/K30R/D33E-GLP-2(1 -33). 



30. A polynucleotide constaict encoding a GLP-2 peptide according to any of claims 1-29. 



31. A host cell comprising the polynucleotide constnjct according to claim 30. 
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32. The host cell according to claim 31, which is a eul^aryotic cell. 

33. The host ceil according to claim 32, wherein the cell is a yeast cell. 

34. A GLP-2 derivative comprising a GLP-2 peptide, wherein a lipophilic sut)slituent is 
attached to one or more amino acid residues at a position relative to the amino acid sequence 
of SEQ ID NO:1 independtly selected from the list consisting of S5, S7, D8. E9, M10, N1 1, 
T12, 113. L14. D15, N16, L17. A18, D21, N24, and Q28 with the proviso that said lipophilic 
substituent is not attached at the N-terminal amino acid residue or the C-terminal amino acid 
residue of said GLP-2 peptide. 

35. The GLP-2 derivative according to claim 34, wherein the GLP-2 peptide is according to 
formula II 

Trp-Leu-lie-X^^-Thr-X^^-lle-Thr-X^^ (formula II) 

or a fragment thereof; wherein is Ala, Val or Gly; X^ is Asp, or Glu; X^ is Ser, or Lys; X^ is 
Ser, or Lys; X® is Asp. Glu, or Lys; X^ is Asp, Glu, or Lys; X^° is Met, Lys. Leu. lie, or Nor- 
Leucine; X^^ is Asn. or Lys; X^^ is Thr, or Lys; X^^ is lie. or Lys; X^^ is Leu, or Lys; X^^ is Asp. 
or Lys: X^® is Asn. or Lys; X^^ is Leu. or Lys; X^^ is Ala, or Lys; X^ is Arg. or Lys; X^^ is Asp. 
or Lys; X^"* is Asn. or Lys; X^ is Gin, or Lys; X^ is Arg, or Lys; X^ is Asp. Glu, or Lys 
(formula II). 

36. The GLP-2 derivative according to daims 34 or 35, wherein the GLP-2 peptide is 
according to any of claims 1-29. 

37. The GLP-2 derivative according to any of claims 34-36, wherein only one lipophilic 
substituent is attached to said GLP-2 peptide. 

38'. The GLP-2 derivative according to any of claims 34-37, wherein said lipophilic substituent 
comprises from 4 to 40 carbon atoms. 

39. The GLP-2 derivative according to claim 38. wherein said lipophilic substituent comprises 
from 8 to 25 cart)on atoms. 
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40. The GLP-2 derivative according to claim 38, wherein said lipophilic substituent comprises 
from 12 to 20 carbon atoms. 

41. The GLP-2 derivative according to any of claims 34-40, wherein said lipophilic substituent 
is attached to an amino acid residue in such a way that a carboxyl group of the lipophilic 
substituent fomis an amide bond with an amino group of the amino add residue. 

42. The GLP-2 derivative according to claim 41, wherein said amino acid residue is a Lys 
residue. 

43. The GLP-2 derivative according to any of claims 34-40. wherein said lipophilic substituent 
is attached to an amino acid residue in such a way that an amino group of the lipophilic 
substituent forms an amide bond with a carboxyl group of the amino acid residue. 

44. The GLP-2 derivative according to any of claims 34^3, wherein said lipophilic substituent 
is attached to said GLP-2 peptide by means of a spacer. 

45. The GLP-2 derivative according to claim 44. wherein said spacer is an unbranched alkane 
a,(o-dicarboxylic acid group having from 1 to 7 methylene groups, such as two methylene 
groups which spacer fornns a bridge between an amino group of the GLP-2 peptide and an 
amino group of said lipophilic substituent. 

46. The GLP-2 derivative according to claim 44, wherein said spacer is an amino acid residue 
except a Cys residue, or a dipeptide. 

47. The GLP-2 derivative according to claim 46, wherein said spacer is selected from the list 
consisting of p-alanine, gamma-aminobutyric acid (GABA), y-glutamic acid, Lys, Asp, Glu. a 
dipeptide containing Asp. a dipeptide containing Glu, or a dipeptide containing Lys. 

48. A GLP-2 derivative according to claims 46 or 47, wherein a carboxyl group of the parent 
GLP-2 peptide forms an amide bond with an amino group of said spacer, and the carboxyl 
group of the amino acid or dipeptide spacer forms an amide bond with an amino group of the 
lipophilic substituent. 
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49. A GLP-2 derivative accx^rding to claims 46 or 47, wherein an amino group of tlie parent 
GLP-2 peptide fom)s an amide bond with a carboxylic group of said spacer, and an amino 
group of said spacer forms an amide bond with a carboxyl group of the lipophilic substituent. 

50. A GLP-2 derivative according to any of claims 34-49, wherein the lipophilic substituent 
comprises a partially or completely hydrogenated cyclopentanophenathrene skeleton. 

51 . A GLP-2 derivative according to any of claims 34-50, wherein the lipophilic substituent is an 
straight-chain or branched alkyi group. 

52. A GLP-2 derivative according to any of claims 34-51, wherein the lipophilic substituent is the 
acyl group of a straight-chain or branched fatty add. 

53. A GLP-2 derivative according to claim 52. wherein the acyl group is selected from the group 
comprising CH3{CH2)nCO-, wherein n is 4 to 38. such as CH3(CH2)8CO-. CH3(CH2)8CO- 
CH3(CH2)ioCO-, CH3(CH2)i2CO-, CH3(CH2)i4CO-. CH3(CH2)i6CO-. CH3{CH2)ibCO-, 
CH3(CH2)2oCO- and CH3(CH2)22CO-. 

54. A GLP-2 derivative according to any of daims 34-49. wherein the lipophilic substituent is an 
acyl group of a straight-chain or branched alkane a,a>-dicarboxylic acid. 

55. A GLP-2 derivative according to claim 59, wherein the acyl group is selected from the group 
comprising HOOC(CH2)mCO-, wherein m is 4 to 38. such as HOOC(CH2)i4CO-. 
HOOC(CH2)i6CO-. HOOC(CH2)i8CO-, HOOC(CH2)2oCO- and HCMDC(CH2)22CO-. 

56. A GLP-2 derivative according to any of claims 34-49. wherein the lipophilic substituent is a 
group of the formula CH3(CH2)p((CH2)qCOOH)CHNH-CO(CH2)2CO-, wherein p and q are 
integers and p+q is an integer of from 8 to 40, such as from 12 to 35. 

57. A GLP-2 derivative according to any of daims 34-49. wherein the lipophlic substituent is a 
group of the formula CH3(CH2)rCO-NHCH(COOH)(CH2)2CO-, wherein r is an integer of from 10 
to 24, 
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58. A GLP-2 derivative according to any of dainns 34-49, wherein the lipophilic substituent is a 
group of the formula CH3(CH2)sCO-NHCH((CH2)2COOH)CO-, wherein s is an integer of from 8 
to 24. 

59. A GLP-2 derivative according to any of claims 34-49, wherein the lipophilic substituent is a 
group of the formula COOH(CH2)tCO- wherein t is an integer of from 8 to 24. 

60. A GLP-2 derivative according to any of claims 34-49, wherein the lipophilic substituent is a 
group of the formula -NHCH(COOH)(CH2)4NH-CO(CH2)uCH3, wherein u is an integer of from 8 
to 18. 

61. A GLP-2 derivative according to any of claims 34-49, wherein the lipophilic substituent is a 
group of the fomiula -NHCH(COOH)(CH2)4NH-COCH((CH2>2COOH)NH-CO(CH2X«CH3. wherein 
w is an integer of from 10 to 16. 

62. A GLP-2 derivative acconiing to any of claims 34-49, wherein the lipophilic substituent is a 
group of the fomiula -NHCH(COOH)(CH2)4NH-CO(CH2)2CH(COOH)NH-CO{CH2)xCH3. wherein 
X is an integer of from 10 to 16. 

63. A GLP-2 derivative according to any of claims 34-49, wherein the lipophilic substituent is a 
group of the fomiula -NHCH{COOH)(CH2)4NH-CO(CH2)2CH(COOH)NHCO(CH2)yCH3. wherein 
y is zero or an integer of firom 1 to 22. 

64. A GLP-2 derivative according to any of claims 34-63. which has two lipophilic substituents. 

65. A GLP-2 derivative according to any of claims 34-64. which is selected from the group 
consisting of 

S5K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 
S7K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 
D8K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 
E9K(3-(hexadecanoytamino)propionyl)-GLP-2(1-33); 
M 1 0K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 
N 1 1 K(3-(hexadecanoy lamino)propionyl )-G LP-2( 1 -33); 
T 1 2K(3-{hexadecanoy lamino)propionyl)-GLP-2( 1 -33); 
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l13K(3-(hexaclecanoylamino)proplonyl)-GLP-2(1-33); 

L 1 4K(3-(hexadecanoylamino)proptonyl )-GLP-2( 1 -33); 

D1 5K(3-(hexadecanoytamino)propionyl)-GLP-2(1 -33); 

N 1 6K(3-(hexadecanoylamino)propionyl>-GLP-2(1-33); 

L1 7K(3-(octanoylamino)propionyl)-GLP-2{1 -33); 

L17K(3-(nonanoylamino)propionyl)-GLP-2(1-33); 

L17K(3-(decanoyIamino)proplonyl>-GLP-2(1-33); 

L1 7K(3-{undecanoylamino)propionyl)-GLP-2(1 -33); 

L17K(3-(dodecanoylamino)propionyl)-GLP-2(1-33); 

L17K(3-(tridecanoylamino)propionyi>-GLP-2{1-33); 

L17K(3-(tetradecanoylamino)propionyl)-GLP-2(1-33); 

L1 7K(3-(pentadecanoylamino)propionyi)-GLP-2(1 -33); 

L17K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

L17K{3-(heptadecanoylamino)propionyl)-GLP-2(1-33); 

L1 7K(3-{octadecanoylamjno)propionyI)-GLP-2(1 -33); 

L17K(3-(nonadecanoylamino)propionyl)-GLP-2(1-33); 

L1 7K(3-(eicosanoylamino)propionyl)-GLP-2(1 -33); 

L17K{(S)-4-carboxy-4-(octanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K((S)-4-carboxy-4-(nonanoylamino)butanoyl)-GLP-2(1 -33); 

L17K((S)^-carboxy-4-(decanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K((S)-4-carboxy-4-(undecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-{dodecanoylanriino)butanoyl)-GLP-2(1 -33); 

L17K({S)-4-carboxy-4-(tridecanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K((S)-4-carboxy-4-(tetradecanoylamino)butanoyl)-GLP-2(1 -33); 

L17K{{S)-4-carboxy-4-(pentadecanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K((S)-4-carboxy-4-(hexadecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(heptadecanoylamino)butanoyl)-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(octadecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K((S)-4-carbo)cy-4-(nonadecanoylamino)biitanoyl)-GLP-2( 1 -33); 

L1 7K((S)-4-carboxy-4-(eicosanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-{octanoylamino)butanoyl)-GLP-2(1 -33); 

LI 7K{4-(nonanoylamino)butanoyl)-GLP-2(1 -33); 

L17K(4-(decanoylamino)butanoyl)-GLP-2(1-33); 

L17K(4-(undecanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K(4-(dodecanoylamino)butanoyl)-GLP-2(1 -33); 
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L17K(4-(tridecanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K(4-(tetradecanoyiamino)butanoyl}-GLP-2(1 -33); 

L17K(4-(pentaclecanoylamino)butanoyl)-GLP-2(1-33); 

L17K(4-(hexadecanoylamino)butanoyl)-GLP-2(1-33); 

L1 7K(4-{heptadecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-{octadecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-(nonadecanoylamino)butanoyl)-GLP-2(1 -33); 

L1 7K(4-(eicosanoylamino)butanoyl)-GLP-2(1 -33); 

A1 8K(3-(hexadecanoylamino)propionyl)-GLP-2(1 -33); 

D21K{3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

N24K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

Q28K(3-(hexadecanoylamino)propionyl)-GLP-2(1-33); 

S5K(3-{hexadecanoylamino)propionyl)/K30R-GLP-2{1-33); 

S7K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

D8K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

E9K(3'-(hexadecanoylannino)propionyl)/K30R-GLP-2(1'33); 

M10K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

N11K(3-{hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

T12K(3-{hexadecanoylamino)propionyl)/K30R-GLP-2(1-33): 

l13K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

L14K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

D1 5K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2{1 -33); 

N1 6K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L17K(3-(octanoylamino)propionyl)/K30R-GLP-2(1-33); 

L1 7K(3-(nonanoylamino)propionyiyK30R-GLP-2(1 -33); 

L17K(3-(decanoylamino)propionyl)/K30R-GLP-2(1-33); 

L17K(3-(undecanoylamino)propionyl)/K30R-GLP-2(1-33); 

L17K(3-(dodecanoylamino)propionyl)/K30R-GLP-2(1-33); 

L1 7K(3-(tridecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L1 7K{3-(tetradecanoylaniino)propionyl)/K30R-GLP-2{1 -33); 

L1 7K(3-(pentadecanoylamino)propionyl)/K30R-GLP-2{1 -33); 

L1 7K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

L17K(3-(heptadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

L17K(3-(octadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

L 1 7K(3-(nonadecanoylamino)propionyl )/K30R-GLP-2( 1 -33); 
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LI 7K(3-(eioosanoylamino)propionyi)/K30R-GLP-2(1 -33): 

L17K((S)-4-cart5Oxy-4-(octanoylamino)butanoyl)/K30R-GLP-2(1-33): 

L1 7K((S)-4-cart>oxy-4-(nonanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K((SH-carboxy-4-(decanoylamino)butanoyl VK30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(undecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(dodecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(tridecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(tetradecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(pentadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K((S)-4-carboxy-4-(hexadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(heptadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(octadecanoylamrno)butanoyl )/K30R-GLP-2( 1 -33); 

L1 7K((S)-4-carboxy-4-(nonadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K((S)-4-carboxy-4-(eicosanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L17K(4.(octanoylamino)butanoyl)/K30R-GLP-2(1-33); 

L17K{4-(nonanoylannino)butanoyl)/K30R-GLP-2(1-33); 

L1 7K(4-(decanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L17K(4-(undecanoylamino)butanoyl)/K30R-GLP-2(1-33); 

LI 7K(4-{dcxiecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K(4-(tridecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(tetradecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(pentadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(hexadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

LI 7K(4-(heptadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(octadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-{nonadecanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

L1 7K(4-(eicosanoylamino)butanoyl)/K30R-GLP-2(1 -33); 

A18K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

D21 K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1 -33); 

N24K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

Q28K(3-(hexadecanoylamino)propionyl)/K30R-GLP-2(1-33); 

D3E/S5K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/S7K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/D8K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2{1-33); 

D3E/E9K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 
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D3E/M 1 0K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/N1 1 K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/T12K(3-(hexadecanoylamino)propionyl)/K30R/O33E-GLP-2(1-33); 

D3E/1 1 3K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L14K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/D15K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/N16K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(3-(octanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K(3-(nonanoylamino)proplonyl)/K30R/D33E-GLP-2(1-33); 

03E/L1 7K(3-(decanoylamino)prDpionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K(3-(undecanoyiamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(3-(dodecanoylamino)propionyl)/K30R/D33E-GLP-2( 1 -33); 

D3E/L17K{3-(tridecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(3-{tetradecanoy lamino)propionyl )/K30R/D33E-GLP-2( 1 -33); 

D3E/L1 7K(3-(pentadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K{3-{hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K(3-(heptadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K(3-(octadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3eL17K(3-(nonadecanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K(3-(eicosanoylamino)propionyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K((S)-4-carboxy-4-(octanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K((S)-4-carboxy-4-(nonanoylamino)butanoyl)/K30R/D33E-GLP-2{1-33); 

D3E/L17K((S)-4-carboxy-4-{decanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L17K((S>4-carboxy-4.(undecanoylamino)butanoyl)/K30RyD33E-GLP-2(1-33); 

D3E/L17K((S)-4-carboxy-4-(dodecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33): 

D3E/L1 7K((S)-4-cart)oxy-4-(tridecanoylamino)butanoyl)^30R/D33E-GLP-2(1 -33); 

D3E/L1 7K((S)-4-carboxy-4-(tetradecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K((S)-4-carboxy-4-(pentadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K((S>-4-carboxy-4-(hexadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K((S)-4-carboxy-4-(heptadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K((S)-4-carboxy-4-(octadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L17K((S)-4-carboxy-4-(nonadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 

D3E/L1 7K((S)-4-carboxy-4-{eicosanoylamino)butanoyl)/K30R/D33E-GLP-2{1 -33); 

D3E/L1 7K(4-(octanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 

D3E/L1 7K(4-(nonanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 
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D3E/L 1 7K(4-(decanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33): 
D3E/L17K(4-(undecanoyiamino)butanoyl)/K30R/D33E-GLP-2(1-33): 
D3E/L17K(4-(dodecanoyiamino)butanoyl)/K30R/D33E-GLP-2(1-33): 
03E/L1 7K(4-(tridecanoylamino)butanoyl}/K30R/D33E-GLP-2(1 -33); 
D3E/L1 7K(4-(tetradecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 
D3E/L17K(4-(pentadecanoylamino)butanoyi)/K30R/D33E-GLP-2(1-33); 
D3E/L1 7K(4-(hexadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 
D3E/L1 7K(4-(heptadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 
D3E/L1 7K(4-(octadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 
D3E/L17K(4-(nonadecanoylamino)butanoyl)/K30R/D33E-GLP-2(1-33); 
03E/L1 7K(4-(eicosanoylamino)butanoyl)/K30R/D33E-GLP-2(1 -33); 
D3E/A18K(3-(hexadecanoylannino)propionyl)/K30R/D33E-GLP-2(1-33); 
D3E/D21 K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); 
D3E/N24K(3-(hexadecanoylamino)propionyl)/K30R/D33E-GLP-2(1 -33); and 
D3E/Q28K(3-(hexadecanoylamino)propionyi)/K30R/D33E-GLP-2(1-33). 

66. A pharmaceutical composition comprising a GLP-2 derivative comprising a GLP-2 
peptide, wherein a lipophilic substituent is attached to one or more amino acid residues at a 
position relative to the amino add sequence of SEQ ID NO:1 selected from the list consisting 
of S5, S7. D8. E9. M10. N11, T12, 113. L14. D15. N16. L17. A18. D21, N24, and Q28with 
the proviso that said lipophilic substituent is not attached at the N-terminal amino add 
residue or the C-terminal amino acid residue of said GLP-2 peptide. 

67. A pharmaceutical composition comprising a GLP-2 derivative as defined in any of claims 
34-65. and, optionally, a pharmaceutically acceptable cam'er. 

68. Use of a GLP-2 derivative as defined in any of dainrts 34-65 for the preparation of a 
medicament. 

69. Use of a GLP-2 derivative as defined in any of claims 34-65 for the preparation of a 
medicament with protracted effect. 

70. Use of a GLP-2 derivative as defined in any of claims 34-65 for the preparation of a 
medicament for the treatment of instestinal failure or other condifion leading to malabsorption 
of nutrients in the intestine. 
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71 . Use of a GLP-2 derivative as defined in any of claims 34-65 for ttie preparation of a 
medicament for the treatment of small bowel syndrome. Inflammatory bowel syndrome, 
Crohns disease, colitis including collagen colitis, radiation colitis, post radiation atrophy, non- 
tropical (gluten intolerance) and tropical sprue, damaged tissue after vascular obstruction or 
trauma or trauma, tourist diantiea, dehydration, bacteremia, sepsis, anorexia nervosa, 
damaged tissue after chemotherapy, premature infants, schleroderma, gastritis including 
atrophic gastritis, postantrectomy atrophic gastritis and helicobacter pylori gastritis, ulcers, 
enteritis, cul-de-sac, lymphatic obstruction, vascular disease and graft-versus-host, healing 
after surgical procedures, post radiation atrophy and chemotherapy, and osteoporosis. 

72. A method for the treatment of instestinal failure or other condition leading to 
malabsorption of nutrients in the intestine, the method comprising administering a 
therapeutically or prophylactically effective amount of a GLP-2 derivative as defined in any of 
claims 34-65; to a subject in need thereof. 

73. A method for the treatment of small bowel syndrome. Inflammatory bowel syndrome, 
Crohns disease, colitis including collagen colitis, radiation colitis, post radiation atrophy, non- 
tropical (gluten intolerance) and tropical sprue, damaged tissue after vascular obstruction or 
trauma, tourist diarrhea, dehydration, bacteremia, sepsis, anorexia nervosa, damaged tissue 
after chemotherapy, premature infants, schleroderma, gastritis including atrophic gastritis, 
postantrectomy atrophic gastritis and helicobacter pylori gastritis, ulcers, enteritis, cul-de-sac, 
lymphatic obstruction, vascular disease and graft-versus-host, healing after surgical 
procedures, post radiation atrophy and chemotherapy, and osteoporosis, the method 
comprising administering a therapeutically or prophylactically effective amount of a GLP-2 
derivative as defined in any of claims 34-65; to a subject in need thereof. 

74. A method for producing the GLP-2 peptide defined in any of claims 1-29, the method 
comprising cultivating a host cell as defined in any one of claims 31-33 in an appropriate 
growth medium under conditions allowing expression of the polynucleotide construct and 
recovering the resulting peptide from the culture medium. 
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ABSTRACT 

The present invention relates to novel human gtucagon-like peptide-2 (GLP-2) 
peptides and derivatives thereof which have a protracted profile of action, as well as 
polynucleotide constructs encoding such peptides, vectors and host cells comprising and 
expressing the polynucleotide, pharmaceutical compositions, uses and methods of 
treatment 
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Figure 6. 
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Figure 9. 
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Figure 10. 
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